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A SYSTEM FOR LOCATING 
TELEVISION RECEIVER TROUBLES 


(Color-TV and Black-and-White TY) 


THIS book describes 150 types of faulty pictures and sound, with 
over 1,000 troubles which may be the cause. Cross references, the 
use of which is explained on a following page, permit rapid loca- 
tion of the most probable causes of each picture symptom. 

Accompanying the tables of symptoms and causes are explana- 
tions of circuits and designs used in the majority of all television 
receivers (both color and black-and-white). These explanations 
clarify the use of the tables. Methods are illustrated and described 
for checking the performance of various parts or components. 
Also included are precautions to be observed while making tests 
and replacements, and the practical hints and data needed to 
locate and correct receiver troubles. 

This book deals only with trouble location and correction. It 
does not treat principles nor theory, except where necessary to 
identify circuit trouble. It is assumed that the reader understands 
proper adjustment of the operating and service controls, and the 
use of usual service instruments. However, instructions are given 
for some of the more troublesome service adjustments. | 

In spite of the extensive coverage contained in this book, it is 
impossible to deal with every intricate trouble which can occur 
in a television receiver. However, this system covers the great 
majority of difficulties, both simple and complex, which continu- 
ally confront the service technician. 
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HOW TO USE THIS SYSTEM 


1. Look in the following list of picture symptoms to find the one 
which is causing trouble in picture reproduction. 

2. Opposite that symptom you will find page numbers which list 
possible causes for the particular picture symptom. The numbers 
printed in heavy type refer to the most probable faults. Refer to 
these pages first. Then, use the other tables later, if necessary. 

3. Look at the top of the selected table to find the name of the 
particular picture symptom. Reference dots are printed below the 
symptom. Receiver faults which may cause the trouble are shown 
in the left-hand column, opposite the dots. 

4. The faults listed in each table are numbered, beginning with 1 
for each section of the book. Methods of correcting most faults 
need no explanation. For example, if a capacitor is leaky or 
shorted, it should be replaced. If a voltage is too low, it should be 
increased to normal, etc. 

There are, however, certain faults which require specialized 
methods for correction, or which can be located more easily by 
additional checks and tests. For faults of this variety, you will 
find explanations and suggested procedures in numbered para- 
graphs which follow the tables in the same section. These para- 
graphs are numbered to correspond to numbering of faults in the 
tables. Numbered paragraphs are brief, and are included only for 
faults requiring explanation or special instruction. Numbered para- 
graphs, hence, are not included for all faults listed in the tables. 

Each section of the book contains diagrams, illustrations, and 
brief descriptions of designs and components considered in that 
section. If you are in doubt concerning a part of a circuit in which 
some fault occurs, refer to these preliminary explanations. 

You will also find information on circuit peculiarities, methods 
for improving performance, making service adjustments, connect- 
ing test instruments, checking component parts, and making 
many specific tests. The best way to show you how this book 
works, is to take you through an actual case of step-by-step 
troubleshooting with this system. 

For this example, turn to the page headed “PICTURE SYMP- 
TOMS—Trouble Tables.” Let’s take the very first picture symp- 
tom “BARS, Color hum.” This describes a fairly common trouble 
which causes horizontal colored hum bars to appear in the pic- 
ture on the screen of a color picture tube. 

You will note that in the Trouble Table page numbers at the 
right, we will find tables for this trouble on pages 94 and 132. 
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HOW TO USE THIS SYSTEM—continued 


On page 94, you will find a check chart with a reference to “Color 
hum bars” in the eleventh column. Glancing down this column 
you note a dot at ‘““Heater-cathode leak” in the band-pass ampli- 
fier tube. This tells you that such a condition can cause color hum 
bars in the picture. 

In case the trouble is not corrected by replacement of the band- 
pass amplifier tube, we note on page 132 that “Color hum bars” 
are listed in the fourth column. Glancing down this column you 
note a dot at (G-Y) heater-cathode leakage. Hence, we would 
check or replace the (G-Y) tube next, because this could also 
cause the trouble symptom. 

Continuing on page 132, we note that heater-cathode leakage 
in the (B-Y) matrix tube could also cause color hum bars. Hence, 
we will check the (B-Y) tube also, if it should become necessary. 

With that sample procedure, it is easy to understand how color- 
TV troubles, as well as black-and-white receiver troubles, can 
be quickly localized. Much time can be saved by using this new 
system of TV trouble location. Over 150 picture symptoms can 
be checked in exactly the same way that was shown for the 
sample symptom. As an added aid to the serviceman we include 
a large number of color picture patterns. We do this in every case 
where we feel the Picture Symptom as described may not be 
quite clear to the serviceman unless he sees an actual photo of 
the picture trouble. The more important patterns are printed 
extra large in size. We only include picture patterns on troubles 
that we feel require them. 

The last section of the book gives symptoms and cures for sound 
troubles in TV receivers. We confidently feel that when you ac- 
quaint yourself with the system covered in this book, you can 
Pinpoint Color-TV Troubles, as well as Black-and-White TV 
Troubles in 15 Minutes, as the name of the book implies. 


Ray SNYDER, General Manager 
Educational Book Publishing Division 
Coyne Electrical School | 
Chicago, Illinois 
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PICTURE-PATTERN SECTION 


THIS section illustrates the more important color-TV troubles 
covered in this book. The captions under the picture patterns 
correspond to descriptions in the previous “Picture Symptoms” 
section. This section is arranged by name of the color-TV trouble. 


The numbers in heavy type are the pages on which these 
picture patterns and color-TV problems are explained. 


The publishers are especially grateful for the full cooperation 
of the Howard W. Sams & Co., Inc., in supplying the color photo- 
graphs in this comprehensive picture-pattern section. 


A NORMAL COLOR-BAR PATTERN (Hickok 655XC genera- 
tor). (This is a normal reference pattern). 131.—Note: Dif- 
ferent color-bar generators have a different sequence of 
colors. You must become familiar with your particular gen- 
erator. 
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PICTURE-PATTERN SECTION 


BEAT PATTERN IN PICTURE, 920 kc. 1, 34, 253.—Note: The 
diagonal 920-kc beat lines appear whenever a receiver fault 
causes the sound signal to beat with the color subcarrier. 


COLOR HUM BARS. 60-cycle hum. 94, 95, 132, 133.—Note: 
Analysis of the hues in a color hum-bar pattern will indicate 
where the fault occurs. 
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PICTURE-PATTERN SECTION 


COLOR HUM BARS. Red matrix is at fault. 132, 133.—Note: 
Hum in the green or blue matrix will cause color hum bars 
of different hues. 


COLOR SYNC LOSS. Caused by faults in the burst amplifier, 
reactance tube, or subcarrier oscillator. 270, 281, 292, 318.— 


Note: Loss of color sync can also be caused by faults ir tne 
burst gating circuit. . 
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PICTURE-PATTERN SECTION 


COLOR QUALITY POOR. Distortion caused by misalignment 
of an i-f transformer. 34.—Note: Poor color quality is also 
caused by misalignment of the band-pass amplifier, or mis- 
adjustment of the quadrature transformer. 


nat 


COLORS ALL INCORRECT. Burst-amplifier transformer mis- 
adjusted. 270.—Note: All colors appear incorrectly also, when 
the color phasing control is misadjusted. 


PICTURE-PATTERN SECTION 


CONVERGENCE POOR. Color dots under-con- 
verged. This is caused by. misadjustment of the 
DC convergence control. A similar condition is 
caused by misadjustment of the dynamic con- 
vergence controls. 251, 252, 253. 
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CONVERGENCE POOR. Horizontal dynamic controls mis- 
adjusted. 251, 252, 253.—Note: Poor convergence ap- 
pears similarly in the vertical columns when the vertical 
dynamic controls are misadjusted. 
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PICTURE-PATTERN SECTION 


CONVERGENCE POOR. Horizontal dynamic convergence con- 
trols misadjusted. 251, 252, 253.—Note: This is a typical 
illustration. The details of the pattern depend upon the par- 
ticular misadjustment. 


CONVERGENCE POOR. Vertical dynamic convergence con- 
trols misadjusted. 251, 252, 253.—Note: A combination of 
vertical and horizontal misconvergence is often seen, in serv- 
ice work. 
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PICTURE-PATTERN SECTION 
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INCORRECT COLORS. Typical distortion of hues in color-bar 
patern, caused by misadjustment of the quadrature trans- 
former. 114.—Note: Incorrect hues in the picture are also 
caused by misalignment of the i-f amplifier, burst trans- 
former, or band-pass transformer. 
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PICTURE COLORS INCORRECT. Typical distortion of hues 
seen in rainbow pattern. 253.—Note: Shops often use a rain- 
bow generator instead of an NTSC color-bar generator. 
Hence, the hues differ, in such case. 
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PICTURE-PATTERN SECTION 


PICTURE TINTING. Caused by misadjustment of 
the purity magnet. Note that picture tinting is 
also caused by misadjustment of the rim magnets 
(at edge of screen), or due to a magnetized pic- 
ture tube. 232. 


BLUE ABSENT FROM PICTURE. Blue 
gun is not getting drive from the 
rainbow signal input to the color 
receiver. 132, 133. 


COLOR SYNC LOSS. Color 
stripe pattern, out of color 
sync. 270. (The color stripe 
can be locked in color sync 
on most receivers by suitable 
adjustment of the horizontal 
hold or horizontal phasing con- 
trol.) 
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SECTION A 


TV troubleshooting, whether black-and-white or color, is the 
procedure of isolating the trouble. It is very simple to replace a 
defective capacitor, resistor, coil, or control, after the fault has 
been localized. 

You should note that locating troubles in color-TV receivers 
is not much more difficult than in black-and-white receivers. 
Color receivers have all the familiar circuits used in black-and- 
white receivers, plus the chroma and convergence circuits. These 
new circuits are serviced on the same basic principles as ordinary 
television circuits. 

Locating TV troubles can be a pleasure when a simple test 
can eliminate half the possibilities, then a second test eliminate 
half of those remaining, and so on until the one faulty component 


Fig. 1 For fast trouble location we eliminate from suspicion one section after 
another until only a small group of parts remains for final checking. 
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is localized as the culprit. TV troubleshooting can be as easy as 
pictured in Fig. 1. 

While we cannot make such exact mathematical divisions such 
as halves, quarters, and eighths of all the parts and circuits in 
which trouble might exist, we can do what amounts to the same 
thing. The basis of systematic trouble location consists of thinking 
of every black-and-white receiver in terms of the sections shown 
by blocks in Fig. 2, and thinking of signals and other voltages as 
following the lines. | 
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Fig. 2. The technician thinks of every black and white receiver as consisting 
of these sections. 


Video signals follow the heavy solid lines. Sound signals follow 
the long dashes. Sync, sweep, and deflection voltages follow the 
light lines. Voltages and currents from the low-voltage power 
supply go directly or indirectly along the dotted lines. 

Merely by observing whether pictures, a raster, and sound are 
present or absent, we can go a long way in determining which 
sections are most probably in difficulty; which sections cannot 
contain the existing trouble, and which ones may only possibly 
be at fault. We eliminate anywhere from two-thirds to nine-tenths 
of the sections from further consideration. 

We likewise think of every color-TV receiver in terms of the 
sections shown by blocks in Fig. 3. The great similarity to the 
plan of a black-and-white receiver is at once apparent. The addi- 
tional sections contained in a color receiver are indicated by the 
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shaded blocks. Furthermore, the two kinds of shading show which 
of the chroma circuits are color-sync sections, and which are other 
chroma sections. It is actually a very small step from black-and- 
white troubleshooting to color-TV troubleshooting. 

When a color receiver is tuned to a black-and-white broadcast, 
the chroma sections do not operate. That is, the color killer turns 
off the chroma amplifier, chroma demodulator, burst gate, 3.58-Mc 
oscillator, reactance tube, and color phase detector. Thus, the 
color receiver operates as an ordinary black-and-white receiver. 
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Fig. 3. The technician thinks of a color-TV receiver as containing the sneded 
blocks, in addition to the blocks comprising a black-and-white receiver. 
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If a color receiver is tuned to a color broadcast, the chroma 
sections start to operate. The color killer turns on the chroma 
sections noted above. Now, all of the blocks shown in Fig. 3 start 
to work. Thus, we can tell a great deal about trouble location 
in a color receiver by comparing its operation on a black-and- 
white broadcast with its operation on a color broadcast. 


Note: To observe a raster, place the channel selector where there are 
no programs or transmissions in your locality. If necessary, advance the 
brightness control to cause illumination of the viewing screen of the 
picture tube. The raster consists of luminous horizontal trace lines which 
cover the screen as shown in Fig. 4. Each line is produced by action of 
the horizontal sweep and deflection sections. The lines are spread from 
top to bottom of the screen by the vertical sweep and deflection sections. 


Fig. 4 A raster is made up of horizontal luminous tracés. 


The first steps in trouble location are outlined by the table 
Preliminary Observations. Supposing for example, that in either 
a black-and-white or a color receiver, there are no pictures and 
no raster, but sound is present. These are the conditions listed 
as case B. We look first for trouble in the high-voltage section. 
If high voltage is satisfactory at the picture-tube anode, we check 
the picture tube itself, then the horizontal sweep, and finally cer- 
tain parts of the deflection section. Why the tests are made as 
outlined, and what they signify, are explained briefly for each of 
the cases in paragraphs which follow. 


WwWwviil 


PRELIMINARY OBSERVATIONS 


No Picture, Raster, or Sound (A) 


The set is dead. Looking at Fig. 2, we note that the low-voltage 
section furnishes power through dotted-line paths to all other 
sections except the one for high voltage, and indirectly to the 
high-voltage section. Consequently, performance of all other sec- 
tions is dependent on the low-voltage power supply, and there we 
commence looking for trouble. 


No Pictures or Raster—Sound Present (B) 


The fact that sound is present eliminates from suspicion all the 
long-dash lines of Fig. 2, as well as the low-voltage section which 
is supplying power for sound. No raster means that the electron 
beam is not being deflected across the picture-tube face. Perhaps 
there is no beam, so begin by checking the high-voltage section. 

If high voltage is satisfactory at the anode of the picture tube, 
it is in order to measure voltages at the second grid, the control 


PRELIMINARY OBSERVATIONS 
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Yes | High voltage Picture tube 
Horizontal 
sweep 
Deflection 
I-F amplifier aoe 
us 
Yes | Picture tube I-F Amplifier 
Tuner 
No | Sound Tuner 
I-F Amplifier 
Luminance Delay line 
Luminance 
amplifier 
Sound and 
chroma 
detector 
amplifier control 
Color killer 
3.58-Mc 


detector 
Chroma Chroma 
oscillator 


Raster 


grid, and the cathode. Having cleared the picture tube, thus de- 
termining that a beam may be formed, we proceed to check 
the horizontal sweep section wherein originate voltages which 
directly affect both horizontal and vertical deflections of the elec- 
tron beam. The final step would be a check of the deflection 
section. 


No Picture or Sound—Raster Present (C) 


Presence of a raster proves that vertical sweep, horizontal 
sweep, deflection, high voltage, and low-voltage sections are 
working. Picture signals and sound signals, which are lacking, 
have to come through the antenna, tuner, i-f amplifier, video de- 
tector, and video-amplifier systems. In a color receiver, the sound 
signal often passes through a sound and chroma detector, as 
shown in Fig. 3. I-f amplifier trouble is most probable, but if 
this section is operative, we check in order: the tuner, automatic 
gain control (agc), and antenna. 


No Picture—Raster and Sound OK (D) 


A raster always indicates that vertical and horizontal sweep, 
deflection, high-voltage and low-voltage sections are working. 
Sound signals, which are present, come through the antenna, 
tuner, i-f amplifier, video detector, and often through at least 
part of the video-amplifier section in a black-and-white receiver. 
In a color receiver, the sound may often pass through a separate 
sound and chroma detector, as shown in Fig. 3. In either case, 
there can be nothing radically wrong from antenna to the sound 
take-off point. 

It remains to investigate, first, any portion of the video-ampli- 
fier section that does not carry sound signals in a black-and-white 
receiver. Check also the control grid-cathode circuits of the pic- 
ture tube. The i-f amplifier or tuner may pass sound signals, even 
though so badly adjusted to prevent formation of pictures, so 
these should be checked. In a color receiver, Fig. 3 shows the 
picture tube is the most likely culprit, when neither black-and- 
white nor color pictures can be obtained. 


Picture and Raster OK—No Sound (E) 


Sound signals come through the antenna, tuner, i-f amplifier, 
video detector, and part or all of the video amplifier in a black- 
and-white receiver. All these sections that precede the sound 
take-off point carry picture signals, and pictures are present. 
Then, naturally, we look first to the sound section for the fault. 
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Incorrect adjustments in the tuner, and possibly in the i-f ampli- 
fier, could prevent picture formation, while permitting sound to 
come through; hence, these two sections should be examined in 
case the sound section is cleared. 

In the case of a color receiver, using a separate sound and 
chroma detector, as shown in Fig. 3, the fact that we have a color 
picture proves that lack of sound must be found past the sound 
and chroma detector. Hence, we will limit our troubleshooting 
to the sound section only. 


Color Picture, Raster, and Sound OK— 
No Black-and-White Picture (F) 


Since receiver performance is satisfactory, except for lack of 
a black-and-white picture (color picture and sound ok), we see 
from Fig. 3 that the trouble must be located at or following the 
luminance detector. The most likely trouble points are in the 
luminance detector or the luminance amplifier. The delay line 
is a simple component, but should be checked if the luminance 
detector and amplifier are cleared. 

We know that the trouble cannot be in the contrast control 
because any fault in this control that prevents formation of black- 
and-white pictures will also prevent formation of color pictures— 
contrast control varies the bias on the cathode of the picture tube. 


Black-and-White Picture and Raster OK— 
No Color Picture or Sound (G) 


From inspecting Fig. 3, we see immediately that these symp- 
toms point directly to trouble in the sound and chroma detector. 
This is the only point at which both color and sound can be 
killed, with a black-and-white picture passing to the picture tube. 


Black-and-White Picture, Raster, and Sound OK— 
No Color Picture (H) 


Lack of a color picture, with the rest of receiver operation ok, 
means that we start investigating the chroma section. A defective 
chroma amplifier, faulty color killer, or inoperative 3.58-Mc oscil- 
lator are logical suspects. If these are cleared, the chroma con- 
trol should be checked—the control might have developed an 
open spot, just as volume control sometimes does. 

We would not look for trouble in the color-syne section, be- 
cause failure of color sync still permits color pictures to form— 
faulty color sync merely produces incorrect rendition of the 
colors to their distortion into rainbows. Likewise, lack of color 
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would not usually be sought in the chroma demodulator section 
—there are three channels in this section, and we expect that 
even though one channel fails, some distorted color pictures © 
would still form. 


Symptoms and Their Causes 


Up to this point, we have discussed only pictures, raster, and 
sound which are good, or else entirely absent. There will, how- 
ever, be many cases in which pictures, raster, and sound are 
present but poor in quality. By considering poor performance as 
distinct from no performance whatever, we may more quickly 
eliminate groups of parts with minimum effort and time. 

As an example, we might have pictures with bad smears or 
trailers, as shown in Fig. 5. Such faults might result from any 
one or more of about twenty-five kinds of trouble. Such troubles 
are the same for both black-and-white, and for color receivers. 
At least half of all these troubles may be in the video (or lumi- 
nance) amplifier, but a considerable number of possible causes 
are in the tuner, and an equal number in the video (or luminance) 
detector. Less common are faults in automatic gain control, pic- 
ture-tube input, and sync sections. Smearing might even result 
from wrong dressing of conductors and circuit components. Due 
to all these possibilities, we cannot say that smearing (or any 
other single defect) indicates trouble in only one certain section. 


Fig. 5 Smearing may result from trouble in any of several sections. 
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Neither is it true that troubles in one certain section will cause 
only one kind of picture fault. For instance, although smearing 
may result from trouble in the video detector (or luminance de- 
tector) section, various faults in this section may also cause 
multiple images, lack of contrast, poor definition, snow, loss of 
synchronization, tear-out, and so forth. 

To permit more definite tie-ups between symptoms and causes, 
we may divide most of the major sections into subdivisions. One 
of the biggest major sections, that for the picture tube, contains 
everything shown in Fig. 6. A color picture tube contains some 
additional components, but these do not affect our present con- 
siderations. In addition to the tube itself, we have control grid- 
cathode signal input circuits, the brightness control, sometimes 
a contrast control, and the retrace blanking system. We often have 
an ion trap on black-and-white picture tubes (none on color), and 
focusing and centering controls which may be separate or com- 
bined. Other major sections may be similarly broken down. 
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Fig. 6 The picture tube section contains these subdivisions. 


Getting Down to Business 


Our plan of attack will be this: First we shall examine all the 
major sections and their subdivisions solely with reference to 
their probable and possible troubles, the resulting symptoms, 
various tests for quickly isolating the seat of the trouble, and 
suitable remedies. 

Second, we shall apply the same procedure to circuit com- 
ponents such as capacitors, resistors, inductors, all the small 
tubes, etc. 


How to Begin 


No matter what details of tests and measurements we get into 
later on, it is advisable to commence every job of troubleshooting 
with these steps: - 


1 Tune in each locally active channel and observe performance. 
Trouble on only one channel may indicate temporary difficulty 
at the transmitter, or the fault may be in the receiver tuner. | 
2 Try to get the best possible pictures and sound by careful 
adjustment of the operator’s controls. If one control makes per- 
formance better or worse, you have a clue to the section or cir- 
cuit at fault—it might be the control itself. 

3 Check the effect of any circuit adjustments which are def- 
initely related to existing faults. As one example, horizontal sync 
difficulties point to adjustments for frequency and for hold in the 
horizontal-oscillator circuits. 

4 When symptoms or tests indicate one section as the probable 
or possible seat of trouble, try new tubes or tubes known to be 
good before checking other components in that section. 
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Section | 


ANTENNA 


THE antenna section or arrangement includes the antenna itself 
and the transmission line (lead-in) connecting the antenna to the 
tuner of the color-TV receiver. The accompanying table lists com- 
mon faults and picture symptoms caused most often by each fault. 


Table 1-1 
ANTENNA 


ANTENNA FAULTS 


1 Wrong orientation, height, 
or location 


antenna 
4 Built-in or indoor antenna 


7 Lead-in connections poor or 
open 


Fluctuating 
Color 
Definition 
Color Snow 
Excessive 
Contrast 
Interference 
in Picture 
Interference 
to Nearby 
Receivers 
Sound Bars 
in Picture 
920-kc Beat 
in Picture 


Poor 


8 Antenna mismatch to 
lead-in 


9 Lead-in poorly installed 


10 Antenna located too close 
to another antenna 


11 Lead-in run too close to 
another lead-in 
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1.1 Wrong Orientation, Height, or Location 


We find that the color-TV signal is more critical than a black- 
and-white signal for several reasons. First of all, the human eye 
1 


RELATIVE AMPLITUDE 


60 6l | 62 63 64 65 |! 


2 | PIN-POINT COLOR-TV TROUBLES 


is more sensitive to color distortion, than to distortion of the gray 
scale in black-and-white reproduction. Also, viewers consider 
color ghosts more objectionable than ghosts in black-and-white 
images. Furthermore, colored snow (confetti) is more distracting 
to the viewer than ordinary gray snow in a black-and-white picture. 

It should be noted that a color-TV signal is more complex than 
a black-and-white signal, and therefore it calls for more careful 
handling. Circuits in a color-TV receiver are designed to respond 
to the phase of the color signal, as well as to its voltage. Hence, 
antennas which provide a fairly satisfactory black-and-white pic- 
ture may be unsatisfactory for color reception. The design of the 
antenna itself is considered in the next section. Fig. 1-1 shows how 
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Fig. 1-1 How the color signal is placed in with the black-and-white signal. 
The color signal must be delivered by the antenna with both correct voltage 
and phase. 


the color signal is placed in the video channel with the black- 
and-white signal. 

The antenna must be pointed in the right direction (correctly 
oriented) to pick up as clean a color signal as possible. If it is 
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desired to receive color signals on more than one TV channel, 
it is sometimes necessary to use an antenna rotator, so that the 
antenna can be turned in the best direction for reception on each 
channel. The factors which affect signal pick-up by an antenna 
are shown in Fig. 1-2. 
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Fig. 1-2 Height, location, and orientation affect the signal strength and 
cleanness. 


Consideration of height and location of the antenna is based 
upon the local surroundings. In general, fewer reflections (ghosts) 
and stronger signals are obtained by raising the height of the 
antenna, and by choosing a clear location. Local conditions, how- 
ever, sometimes cause a cleaner and stronger signal to be found 
at reduced heights and in locations which are not entirely clear 
from surrounding objects or buildings. Hence, it is often desirable 
to probe the location for the best color signal. 

When TV signals arrive at the antenna location via reflected 
paths, ghosts are often produced in the picture. Ghosts are very 
objectionable in color pictures, because they usually appear in 
wrong colors as well as forming double or triple images. Ghosts 
can also cause the color to drop out, leaving only a black- 
and-white picture—this situation occurs when a color ghost hap- 
pens to arrive at about the same strength and directly out-of- 
phase with the desired signal. In such case, the desired color 
signal is weakened or cancelled by the ghost signal. 
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Ghost signals rise and fall in strength sometimes, which can 
cause the color to drop out of the picture and then to reappear 
at intervals. This trouble is often met when using “rabbit ear” 
antennas, for example. | 

In case the received color signal is quite weak, the noise level 
in the receiver circuits will become visible on the screen of the 
picture tube as colored snow (often called “confetti”). A weak 
color signal also produces weak and off-hue colors in the picture, 
and is judged to be objectionable by most viewers. 


1.2 Wrong Type of Antenna for Color 


Antennas which are good for color reception must provide 
reasonably uniform gain over the received channel. It should be 
noted that the gain of some antennas falls off rapidly near the 
low-frequency end of Channel 2, and at the high-frequency end 
of Channel 13. Such an antenna may not work well for color 
reception, although fairly good reception of black-and-white sig- 
nals is obtained. 

You are probably familiar with the antenna types called “low- 
band arrays” and “high-band arrays.” A low-band array some- 
times has a rapidly dropping response at the high end of Channel 
6, and for this reason may not provide satisfactory color recep- 
tion on this channel. Similarly, a high-band array sometimes has 
a rapidly dropping response at the low end of. Channel 7, and 
may not provide a satisfactory color signal on this channel. 

The common conical antenna is fairly flat over all 12 VHF 
channels, and it will usually provide good color reception when 
_ the signal is strong and clean. However, when the signal is weak, 
the conical antenna does not perform well on color because of 
its low gain. Of course, conical antennas can be stacked to obtain 
increased gain. 


1.3. Single-Channel Yagi Antenna 


In general, technicians consider the single-channel Yagi an- 
tenna to be the least desirable for color, with the possible excep- 
tion of the “rabbit ear’ antenna. A 5-element or 8-element Yagi 
is often utilized in a weak-signal area because of its high gain, 
and this type of antenna will provide satisfactory black-and-white 
reception. 

However, a single-channel Yagi antenna has a sharply peaked 
response which is often unsatisfactory for color reception—while 
the black-and-white portion of the picture is reproduced, the 
color portion often “drops out” or appears distorted. This is not 
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to say that it is impossible to obtain good color reception with the 
single-channel Yagi, but that technicians generally avoid this type 
of antenna when making color-TV installations. 

On the other hand, the broad-band type of Yagi antenna usually 
provides good color reception, and also has a high gain figure 
which is useful in weak-signal areas to obtain the required sig- 
nal strength. Unlike a conical, the broad-band Yagi is highly 
directional, and may require a rotator if reception is desired on. 
more than one channel. Its directional property also helps to 
eliminate ghosts and interfering signals. 


1.4 Built-in or Indoor Antenna 


A built-in or indoor antenna cannot be raised or lowered, and 
choice of location is limited. Such antennas can often be rotated 
(oriented) to a limited extent. Ghosts are usually troublesome 
when built-in or “rabbit-ear” antennas are used, and these short- 
comings account for the troubles which may be expected. The 
remedy is a good broad-band outdoor antenna. 

The color signal generally suffers greatly when a built-in or 
indoor antenna is used. Colors may be weak, fluctuating, or off- 
hue, accompanied by annoying color ghosts. When persons walk 
by such an antenna, the color signal is usually affected seriously. 
Traffic passing by on the street can cause the color signal to be- 
come over-intense or to drop out of the picture. 


1.5 Non-Directional Antennas 


Non-directional antennas are satisfactory for color reception, 
provided the signal is strong and clean. If ghosts or interference 
are present, the trouble may be reduced or eliminated by use of 
an antenna which has marked directional properties. A reflector 
on a simple antenna provides a certain amount of directivity, but 
this property is greatly increased by addition of more reflectors, 
and also director elements. 

Some antennas obtain a sharply directional pattern by use of a 
rear reflecting screen, and most of these are very good for color 
reception. If such an antenna is mounted on a rotator, it can be 
“beamed” to obtain the strongest and cleanest signal on each 
channel. 


1.6 Excessive Pick-up 


When the antenna is installed close to a transmitter, it may 
deliver such strong signals to the receiver that the AGC system 
cannot prevent overloading of the signal circuits. In such case, 
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the colors in the picture will appear muddy and off-shade; in 
addition, objectionable sound bars and 920-kc beats will usually 
appear in the picture. 

The signal strength can be reduced by changing the orientation 
of the antenna, or by use of an attenuating pad at the receiver 
end of the lead-in. 

In extremely severe cases, there may be chassis pick-up as 
well as antenna pick-up of the transmitted signal, which produces 
puzzling ghosts in the picture. This situation is found only when 
the receiver is located very close to the TV transmitter, and 
may require shielding of the receiver cabinet with internal sheets 
of tin foil or mesh screening. 


1.7. Lead-in Connections Open or Poor 


Poor or open connections, shorted terminals, or broken con- 
ductors in the lead-in will reduce the signal strength to the re- 
ceiver, and often leave noise impulses so relatively strong as to 
cause snow in the pictures. Colored snow is much more objec- 
tionable than ordinary gray snow, and the reduction of the color 
signal generally causes poor coloring in the picture. 

Defective lead-ins are also responsible for reception of the 
black-and-white portion of the picture with drop-out of the color 
signal. The sound signal is usually least affected by lead-in trouble. 


1.8 Antenna Mismatch to Lead-in 


A mismatch is present when the impedance of the lead-in dif- 
fers from that of the antenna or the receiver input. Mismatch as 
great as two-to-one at the antenna causes a signal loss of 10 to 
12 per cent, which should not be a serious loss except in extreme 
fringe areas. Loss increases rapidly with greater impedance dif- 
ferences. 

The most serious situation is met when there is a large mis- 
match at both the antenna and at the receiver. In such case, the 
length of the lead-in becomes critical, and unless cut to a critical 
length, the color may drop out of the picture. If such a mis- 
matched lead-in swings with the wind, the color may fluctuate in 
and out of the picture as the lead-in swings back and forth. 

Wave reflections due to bad mismatching may cause picture 
effects quite similar to ordinary ghosts. Poor splices in the lead-in 
anywhere between antenna and receiver may cause such reflec- 
tions. Close matching of antenna to lead-in, when required, usu- 
ally is obtained with any of various kinds of matching transform- 
ers or line sections designed for the purpose. 


ANTENNA 7 


1.9 Lead-in Poorly Installed 


Much difficulty can be avoided in color reception by proper 
installation of the lead-in. Fig. 1-3 shows the important points to 
observe when routing conventional unshielded transmission line. 
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Fig. 1-3 Signal strength may be lost, and reflections set up, if the lead-in 
is not installed properly. 


Make the run as short as practical. 

Use stand-off insulators at each point of support. 

Do not make sharp turns or twists, and don’t squeeze the con- 
ductors toward each other. 

When running the lead-in over large areas of exposed or 
concealed metal, clear the metal by at least 20 inches, and try to 
avoid routing the lead-in parallel with such metal. 

Never run the lead-in through metal tubing—never tape the 
lead-in to the antenna mast. 

Don’t paint the lead-in. 

If long horizontal runs are necessary, keep such runs above 
snow level and try to place them where the lead-in is protected 
from build-up of icicles and sleet. 

Stay as far as possible from power lines. 

If tubular line is used, make sure that the line is sealed at both 
ends, or drained at all low points. 

On long runs, a slow twist may be given to flat lead-in, in order 
to help balance out stray-field pick-up. 
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Fig. 1-4 shows how the color signal is weakened or “killed” by 
poor antenna response. 


(A) 


(B) 


(C) 


Fig. 1-4 How the color signal is weakened or “’killed”’ 
by poor antenna response. (A) Normal color signal. (B) 
Weakened color signal. (C) Color signal “’killed,’’ with 
black-and-white part of picture normal. 
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1.10 Antenna Located Too Close to Another Antenna 


Try to avoid installing an antenna near another antenna. The 
local oscillator in a television receiver sometimes radiates (acts 
as a small transmitter) and may produce very objectionable 
interference in a color picture. If it is necessary to locate two 
antennas near each other, they should be installed end-to-end. 
This precaution will minimize interference between the receivers 
connected to the adjacent antennas. 


1.11 Lead-in Run Too Close to Another Lead-in 


When installations are made in apartment houses, it is some- 
times convenient to run two or more lead-ins close together. 
This type of installation can be as bad as locating two antennas 
too close to each other—radiation from one receiver can be 
transferred from its lead-in to an adjacent lead-in and produce 
objectionable beat interference in a color picture. Always keep 
lead-ins separated by at least six inches from each other. 


Note: Do not try to operate two color receivers from the same antenna, 
by tapping one lead-in to run a branch lead-in to the second receiver. 
Serious mutual interference and line reflections generally result from 
this practice. 


1.12 How to Test for a Faulty Antenna System | 


Whenever the complaint is “no color reception,” it is always 
possible to determine whether the antenna system is at fault, 
or whether the receiver is defective. Disconnect the lead-in from 
the color-TV receiver, and apply the output from a color-bar 
generator (or rainbow generator) to the receiver input terminals. 
If color is obtained from the generator signal, the antenna system 
is at fault. If color is not obtained from the generator signal, the 
receiver is at fault. 


1.13 Directional Properties of Antennas 


Note that a TV antenna has little or no pick-up along the 
direction of the antenna rods. On the other hand, an antenna 
has maximum pick-up in a direction at right angles to the 
antenna rods. | 

This is shown in Fig. 1-5, which is the reception pattern for 
a simple dipole antenna. This antenna has equal pick-up from 
the front and from the rear, as shown by the two equal “lobes.” 
The lobes indicate that the maximum sensitivity of the an- 
tenna occurs at right angles to the antenna rods. The mini- 
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mum sensitivity of the antenna occurs in line with the antenna 
rods. 

When a director and reflector are used with a simple dipole 
antenna, the rear pick-up is greatly reduced, as seen in Fig. 1-6. 
This is a very useful property of this type of antenna. If inter- 
ference is coming in from the rear of the antenna, it can be cut 
down by using a director, or a reflector, or both. Rearward inter- 
ference can be further reduced by using more directors and 
reflectors on a dipole antenna. 

The maximum number of rods commonly used on a television 
antenna is 10. Such elaborate antennas are used only in far- 
fringe areas, or when ghosts and interference make good recep- 
tion difficult with simple antennas. 
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Fig. 1-5 A simple dipole antenna’ Fig. 1-6 The addition of a director 

has best pick-up at right angles to and a reflector to a simple dipole an- 

the antenna rods. tenna reduces pick-up from the rear 
of the antenna. 


Section 2 


TUNER 


THE tuner section of a color-television receiver amplifies and 
converts (to intermediate frequencies) the picture carrier, the 
color subcarrier, and the sound carrier, illustrated in Fig. 2-1. 
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Fig. 2-1 Ideal type of r-f response curve for color-TV reception. 


Because the color subcarrier is more critical than the picture 
and sound carriers, tuners used in color-TV receivers are gen- 
erally designed for better response than for use in black-and- 
white receivers. 

It is worth noting that when trouble occurs in color reception, 
you do not usually start by looking for trouble in the tuner— 
other receiver circuits are more likely to be responsible for poor 
color reception. However, tuners can and do cause trouble, and 
it is necessary to be aware of the tuner requirements for good 
color reception. 

be 
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The tuner section includes the subdivisions shown in Fig. 2-2. 
The incoming r-f signal from the antenna is amplified by the r-f 
amplifier tube, and is next heterodyned to intermediate fre- 
quency (i-f) in the mixer tube. The mixer is basically a detector 
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Fig. 2-2. The tuner section contains these subdivisions. 


tube (commonly called the “first detector’) in which the r-f 
signal is beat against the local-oscillator signal, as depicted in 
Fig. 2-2. 

All color-TV receivers utilize a mixer output falling in the 
40-Mc band, while some black-and-white receivers still use a 
mixer output in the 20-Mc band. The trend in black-and-white 
reception is to 40-Mc i-f, to minimize pick-up of interference by 
the TV receiver. 

Fig. 2-3 shows the principal components and connections in the 
popular turret tuner. Channel tuning is accomplished by switch- 
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Fig. 2-3 Circuit arrangement of a typical turret tuner. 
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TUBES FAULTY OR TUBE 
VOLTAGE WRONG 


1 Any tube. R-F amp., 
mixer, or oscillator 


2 R-F amplifier gassy 


3 No oscillation, or none 
on high band 


4 Oscillator microphonic 


WRONG ALIGNMENT 
5 Bandwidth too narrow 


6 Bandwidth too great, lack 
of gain 


7 Excessive tilt 


ann a 
9 Video carrier oo ow | ® 
[10 Video carrier oo high | 
[1 Sound carer to hh [| 
12 Color subcarrier oo tow | 
os | 

roe 

— 

on 


13 Color subcarrier too high 


14 High frequencies far 
down on response 


15 Mismatch of tuner to 
lead-in 


16 R-F regeneration 


MECHANICAL FAULTS 


17 Described in text 


ing complete sets of r-f, mixer, and oscillator coils. These coil 
groups are mounted on turret strips. The antenna signal is cou- 
pled from a balanced primary coil to the grid of the first r-f 
amplifier—this balanced primary helps to reduce the effect of 
interference which could be picked up by the lead-in (antenna 
effect of the lead-in). 
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The r-f signal is further amplified in the second section of the 
r-f amplifier tube, and is then applied to the mixer tube. The 
oscillator signal heterodynes with the r-f signal in the mixer, to 
produce a difference beat frequency which is coupled from the 
plate of the mixer tube to the i-f amplifier. 

The tuning adjustments are also shown in Fig. 2-3. Trimmer 
capacitors C, and C, tune the r-f coils, and trimmer C,, tunes 
the mixer grid coil. The oscillator coil is slug-tuned, and the i-f 
transformer in the plate circuit of the mixer is also slug-tuned. 
The fine-tuning control is a variable capacitor connected from the 
plate of the oscillator tube to ground. 

Trimmers C,, and C, are the principal adjustments for band- 
width and for bringing the video (picture) carrier, color sub- 
carrier, and sound carrier frequencies to their correct positions 
on the r-f response curve. (See Fig. 2-6.) Antenna to r-f align- 
ment is made by adjusting capacitor C, (Fig. 2-3), which has 
the principal effect of tilting the response up or down. 
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Fig. 2-4 These are the channel-selection and alignment elements in a 
turret-type tuner. 


Although the mixer-oscillator tube is shown in Fig. 2-3 as a 
twin triode, you will sometimes find a triode-pentode tube here, 
with the pentode section used as the mixer. Likewise, while the 


TUNER 15 


r-f amplifier is shown as a twin-triode cascode type in Fig. 2-3, 
you will sometimes find a pentode tube in this position. 

Service adjustments for a turret-type tuner are shown in Fig. 
2-4, with the power-supply and bias voltages for the tubes 
omitted. This diagram illustrates the components in which we 
are most interested during troubleshooting, after usual voltage 
and resistance measurements have been made. Fig. 2-4 also brings 
out the fact that the turret-type tuner consists essentially of the 
elements illustrated in Fig. 2-2. 

Other types of tuners may be encountered in color-television 
receivers, such as the incremental, or switch-type tuner, as shown 
in Fig. 2-5. However, you will find that except for details of 
arrangement, the elements are the same as for the turret-type 
tuner shown in Fig. 2-2, insofar as principles of trouble location 
are concerned. 
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Fig. 2-5 This elementary arrangement for an incremental tuner shows its 
basic similarity to the layout in Fig. 2-2. 


Tuners in color-TV receivers are generally manufactured more 
carefully than tuners used in many black-and-white receivers, 
with the result that better alignment is made possible—you can 
usually obtain full r-f bandwidth and fairly flat-topped response 
curves in color-TV tuners. It will be recalled that the color-TV 
signal is more critical than a black-and-white signal, and if the 
response of the tuner is poor, it is quite possible that no color 
reception whatsoever may be obtained, although a passable black- 
and-white picture can be obtained. 
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Table 2-1 lists the more common tuner troubles. Remember 
that weak and defective tubes will cause up to 80% of the 
troubles which you will find in the tuner section. 


2.1 Faulty R-F Amplifier, Mixer, or Local-Oscillator Tube 


A weak r-f amplifier tube causes signal loss which makes the 
picture lack contrast. Also, the signal-to-noise ratio becomes 
poorer, and “snow” or “confetti” (or both) appear in the pic- 
ture when the r-f tube is very weak. In case the tube is dead, 
you will obtain a raster, but no picture. 

Unstable color reception, with uncertain syne and fluctuating 
color in the picture are often present when the r-f amplifier tube 
is weak. However, do not forget that low plate voltage, for ex- 
ample, will sometimes make a good tube appear to be weak. 

The trouble symptoms which have been noted for the r-f am- 
plifier tube also apply in general to the mixer tube. They also 
apply to the oscillator tube, with one important exception—you 
will find that when the oscillator tube weakens below a certain 
critical point, the picture is suddenly ‘ ‘wiped out” due to failure 
of oscillation completely. 


2.2 R-F Amplifier Tube Gassy 


R-F amplifier tubes sometimes become gassy. Gas can be de- 
tected on many modern tube testers, but if you are using an older- 
style tester, you will find that substitution of a known good tube 
in the tuner is the only practical test. 

A gassy r-f amplifier tube causes picture definition to become 
poor, with “smeared” detail. In color reception, the gassy tube 
often makes the color sync touchy and unstable. 


2.3. No Oscillation, or None On High Channels 


When the oscillator tube weakens, the high band of the tuner 
will usually “drop out” first. The reason for this is that there 
is more r-f loss in the oscillator circuit at high frequencies. When 
the oscillator fails, you will obtain a raster but no picture. Re- 
ception may still be obtained on the low band, but is weakened 
in most cases. 

Sometimes oscillator failure is spotty on the high band, with 
weak reception on some of the high channels, and no reception 
on others. A quick check of oscillator operation can be made by 
means of a signal-tracing (detector) probe and VITVM. Raise 
the oscillator tube shield up over the tube slightly, so that it is 
not grounded. Then, apply the signal-tracing probe between this 
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“floating” tube shield and chassis ground. A reading of about 
1 volt shows that the oscillator is operating normally, Zero 
reading shows that the oscillator is dead. 


2.4 Oscillator Microphonic 


Defective tubes are sometimes microphonic, which may cause 
streaks in the picture (either black-and-white or color), when- 
ever loud sounds from the speaker vibrate the tube slightly. 
The oscillator tube is one of the most troublesome in this regard. 
You can easily localize a microphonic tube by tapping it with a 
pencil or small stick. A faulty tube will produce flashes and 
streaks in the picture each time it is tapped. 


2.5 through 2.14 Wrong Alignment 


Classification 5 through 14 under Wrong Alignment\in Table 
2-1 require observation of the tuner response curve with\a sweep 
and marker generator and oscilloscope. The sweep signal voltage 
should be fed through a properly-terminated output cable to 
the antenna-input terminals of the tuner. 

The vertical-input terminals of the scope should be connected 
through a 75,000-ohm isolating resistor to the grid of the mixer 
tube. You will often find a test point on the tuner (see Fig. 2-6) 
which connects part way down from the mixer grid to ground 
along the mixer grid leak. If such a test point is available, you 
can make connection more conveniently there. 

Remember that the accuracy of r-f alignment can be no better 
than the accuracy of the sweep generator which is used. Good 
color reception depends in large part upon proper alignment, 
and it pays to use a good sweep generator in which you can 
place your confidence. Fig. 2-7 shows how a response curve can 
be distorted by a generator which does not have “flat” sweep 
output. 

Fig. 2-8 illustrates some typical r-f response curves, and shows 
the principal types of distortion with which you will be con- 
cerned in practical work. We will never obtain ideal response 
curves, as depicted in Fig. 2-1. However, the response curves 
_ shown in Fig. 2-8(A) are quite acceptable, and will provide good 
color reception. The four photos show progressively: 

Acceptable shape of the r-f response curve. 

Picture-carrier marker placed correctly on top of the 
response curve. 

Sound-carrier marker also placed correctly on top of the 
response curve. 
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Fig. 2-6 Resistors R, R., and R. are common points of failure. 


Color-subcarrier marker falling between the picture and 
sound carrier markers. 

Fig. 2-8(B) shows a response curve which has too narrow 
bandwidth. The color and sound markers are down near the 
baseline where they are almost invisible, due to low gain in this 
region. The picture-carrier marker is well up on the opposite 
side of the curve, however. This type of difficulty is usually 
caused by open bypass capacitors in the tuner, or by open 
damping resistors such as R; in Fig. 2-6. 

Fig. 2-8(C) shows a response which is excessively broad and 
uneven. Here the picture carrier is invisible in a low-gain region 
near the baseline, while the color and sound markers appear 
near the center of the response. Note also that this curve ap- 
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Fig. 2-7 In case the output signal voltage from the sweep gen- 
erator is non-uniform, as shown at (A), the response curve which 
should appear as shown in (B), will become distorted as shown 
at (C). 
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Acceptable shape of r-f response Picture-carrier marker falls on top 
curve. of curve, as desired. 


Sound-carrier marker also falls on Color-subcarrier markers falls be- 
top of curve, as desired. tween picture and sound carriers, as 
seen above. 


Fig. 2-8(A) An acceptable alignment of an r-f tuner. First photo shows re- 
sponse curve alone. Second photo shows picture-carrier marker. Third photo 
shows sound-carrier marker added. Fourth photo shows color-subcarrier marker 


added. 


pears upside down, as compared with the curve shown in (B)— 
whether the curve appears “right side up” or “upside down” 
depends upon the number of stages in the vertical amplifier of 
the scope which is used. This is a detail which is disregarded by 
the experienced operator. 

In Fig. 2-8(C) we see an alignment which has excessive tilt, 
with a large off-center peak. The tilt is corrected in (E), but the 
peaking is still excessive. In (F) the peak has been shifted to 
the opposite end of the curve, but the shape of the curve is 
more nearly correct. 

Final adjustment produces the curve shown in Fig. 2-8(A). 
It is helpful in r-f alignment work to have all three markers 
present on the response curve. Fig. 2-9 shows how to obtain 
these markers—a marker generator with a 4.5-Mc sound-marking 
crystal and an internal modulator is used. 
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(B) Too little bandwidth. (E) Tilt removed, but peaking is 
excessive. Bandwidth excessive. 


PICTURE CARRIER INVISIBLE 


(C) Bandwidth excessive, and re- (F) Opposite peaking from that of 
sponse uneven. (E)—bandwidth approximately cor- 
rect (compare (A)). 
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(D) Excessive tilt, and center fre- 
quency incorrect. 


Fig. 2-8 (B), (C), (D), (E), (F). 


The color subcarrier marker is obtained by feeding a 3.58-Mc 
signal voltage into the modulator-input terminal of the marker 
generator, as shown in Fig. 2-9. This 3.58-Mc signal can be ob- 
tained from a floating tube shield over the color-subcarrier oscil- 
lator tube in the receiver, or from any convenient circuit point 
in the color-oscillator section. 
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Fig. 2-9 Simple test set-up for obtaining the color-subcarrier marker on 
the response curve. 


Note also in Fig. 2-9 that sufficient marker signal is often ob- 
tained from the stray capacitance obtained by merely placing 
the marker-output cable near the sweep-output cable. However, 
if the output from the marker generator is weak, it may be 
necessary to couple the marker signal into the sweep cable ter- 
minals through resistors of 10,000 ohms or 20,000 ohms. 

It is worth noting that tube changes in the front end do not 
usually require any realignment of the tuner circuits. In some 
few cases, a change of oscillator tube may require touch-up ad- 
justments of the oscillator coil slugs. Major realignment is usu- 
ally required only after component replacement, or if someone 
has tampered with the tuner adjustments. 

The allowable amount of tilt and dip in tuner response curves, 
according to color-TV receiver manufacturers, is illustrated in 
Fig. 2-9A. During the course of an alignment job, if you cannot 
bring the curves within these limits, it is indicated that there 
is a defective part in the tuner. Faulty fixed capacitors are some- 
times responsible for such difficulties. Corroded coils, poor switch 
contacts, and disturbed lead dress are occasional offenders. 


2.15 Mismatch of Tuner to Lead-in 


Puzzling trouble symptoms can occur in color-TV reception, 
due to mismatch of the tuner to the lead-in. Ordinary flat twin- 
lead has an impedance of 300 ohms. TV tuners are also supposed 
to have an input impedance of 300 ohms. 

If there is a large mismatch of lead-in to tuner, you will not 
encounter trouble unless there is also a mismatch of antenna to 
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TILT AND DIP LIMITS MEASURED 
FROM AVERAGE OF _ PEAKS 
15% DIP LIMIT 
20% TILT LIMIT 


HIGH CHANNEL RESPONSE LIMITS 


TILT AND DIP LIMITS MEASURED 
FROM AVERAGE OF _ PEAKS 
20% DIP LIMIT 
10% TILT LIMIT 


I\E\P\ 


LOW CHANNEL RESPONSE LIMITS 


Fig. 2-9A A certain amount of tilt and dip is allowed by color-TV 
manufacturers. 
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lead-in, as depicted in Fig. 2-10. In other words, signal reflections 
from the tuner input will not cause trouble unless there are also 
reflections from the antenna terminals. But, in case a mismatch 
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LEAD-IN TO 
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Fig. 2-10 Mismatches are not serious in most cases, unless mismatch occurs 
both at the antenna and at the tuner. 

is present at both ends of the lead-in, various troubles make 
their appearance, as follows: 

1. Color reception may not be obtainable unless the lead-in is 

cut to some critical length. 

2. The color may fluctuate in an out of the picture when the 

lead-in swings in the wind. 

3. Adjustment of the fine-tuning control for color reception 

may be found very critical. 

4. The color signal may vary in level as persons move about 

the vicinity of the lead-in. 

When troubles of this kind occur, it is usually possible to make 
an easy cure by use of H pads, as shown in Fig. 2-11—but more 
than enough signal must be available, since some is lost in the 
pad. An H pad reduces the signal strength, but it also helps to 
absorb reflected signals (which must go through the pad three 
times instead of once). A —20 db pad cannot be used unless the 
antenna signal is very strong, but this pad will provide the great- 
est reduction of reflected signal voltages, in those. cases in which 
it can be used without weakening the desired signal below the 
point of satisfactory reception. | 
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Fig. 2-11 H pads are useful when bad mismatches cause trouble in color 
reception. 


A —6 db pad can always be used unless the signal is very 
weak. However, it does not reduce the reflected signal as much 
as a —10 or a —20 db pad. If the signal is quite weak, and a 
pad cannot be used, it is advisable to use some other type of 
antenna which has a fairly close match to the lead-in. Or, the 
tuner can be replaced. It is possible to adjust the input imped- 
ance of a tuner, but most shops prefer to replace the unit when 
operating troubles of this type occur. It is interesting to note 
that the input impedance of a tuner depends upon the coupling 
(spacing) between the antenna coil and the r-f grid coil, as in- 
dicated in Fig. 2-3. 

Boosters used ahead of tuners for color-TV reception must have 
full bandwidth, with a response of the general type illustrated 
in Fig. 2-1. The same requirement applies to UHF converters 
used in color reception. Narrow band width, or serious distor- 
tions of the response curve in a booster or converter can cause 
loss of color reception, or weak and unsatisfactory color repro- 
duction. seat 
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2.16 R-F Regeneration 


Regeneration is a type of trouble which is often very puzzling 
—especially to the beginner. The symptoms of regeneration are 
changes in shape of the response curve when the grid bias is 
varied. Regeneration is caused by feedback; sometimes the feed- 
back results from missing tube shields, or missing shield plates 
from the tuner case. At other times, regeneration is caused by 
poor ground connection from the tuner to the chassis of the re- 
ceiver. Regeneration can also be caused by open bypass capaci- 
tors in the tuner circuits. 

The test for regeneration is made by watching the shape of the 
response curve on the scope, as the bias voltage on the AGC 
line is varied from zero to —3 volts. If the curve “goes to pieces” 
at low values of bias, or if the shape and bandwidth of the curve 
change greatly, regeneration is present and must be corrected. 
Many technicians prefer to replace a tuner when regeneration 
occurs. 

A regenerative tuner can be aligned correctly when the grid 
bias is high, e.g., but then will not be in correct alignment when 
the grid bias is low. This means that the receiver will perform 
properly when the incoming signal level is high, but will give 
poor or no reception when the signal level is low. 


2.17 Mechanical Faults 


Mechanical faults in the tuner include loose cover plates, loose 
tube shields, and poorly grounded shields. Sometimes tube sock- 
ets become worn, and the tubes should be removed and their 
base pins inspected. Sometimes removal and replacement may 
clean the socket contacts sufficiently to cure the trouble. 

Examine all the leads and terminals between the tuner and 
other parts of the chassis for poor connections. Ground connec- 
tions are very important at r-f frequencies, and the tuner is nor- 
mally grounded to the chassis at several points—check each 
grounding point for proper contact. 

Contacts on turret strips or switches which are dirty or cor- 
roded may cause reception trouble. Use a liquid contact cleaner 
made for this purpose, brushing or spraying it onto the contacts, 
and rotate the switch or turret through several turns. 

Contacts in turret tuners are made with flat springs which may 
become bent, losing their pressure and thereby causing trouble. 
These springs can be bent back into correct positions after the 
turret assembly is removed. Poor spring contact in rotary 
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switches is more difficult to correct, but contact pressure can 
sometimes be improved by working carefully with a pointed tool. 
When rivets become loose, it is usually necessary to disassemble 
the switch wafers or terminal strips from the tuner frame before 
the rivets can be properly tightened. 

Resistors sometimes burn out or greatly increase in value 
when a “short” occurs in a tuner tube. In such case, the resistor 
must be replaced before the tuner will work satisfactorily. For 
example, Fig. 2-6 shows resistor R connected in series with the 
250-volt plate-supply line. This is a rather common point of 
trouble—an r-f amplifier tube with a plate-cathode short, plate- 
grid short, or grid-cathode short draws many times its normal 
current from the B-voltage line, which causes resistor R to 
overheat or burn open. 

Likewise, a plate-cathode or plate-grid short in the oscillator 
tube can cause damage to resistor R.. Shorts in the mixer tube 
can damage resistor R,. Such resistor damage is not overly diffi- 
cult to repair in most tuners, and the majority of shops have no 
hesitation in making such repairs. 

Capacitors cause less trouble in tuners than resistors, but ca- 
pacitor failure will occur from time to time. A defective capacitor 
is somewhat more difficult to locate than a faulty resistor, be- 
cause the outer appearance of an open, shorted, or leaky capacitor 
is the same as the outer appearance of a good capacitor. In the 
past, capacitor tests were made chiefly by substitution—if a ca- 
pacitor was suspected of being defective, the technician merely 
clipped it out and replaced it with a new capacitor. 

Considerable wasted effort can be saved, in many cases how- 
ever, if a suitable capacitor tester is used. Capacitor testers are 
available which give a reliable check of coupling capacitors while 
they are wired into their circuits. For example, in Fig. 2-6, a 
modern capacitor tester can be used to show opens or leaks in 
coupling capacitors C,, and C,. Other capacitors such as C;, Cx, 
Cy, and C, can be checked in their circuits for major faults. 

When plate voltage or grid-bias voltage is low, the trouble can 
be caused by either a faulty resistor or capacitor in most cases. 
For example, low plate voltage on the mixer tube in Fig. 2-6 
can be caused by leakage in capacitor C,, or by increase in the 
value of R,. Voltage measurements often serve to localize trou- 
ble to a circuit branch, following which the individual capacitors 
and resistors must be tested to find which one is at fault. 

Drift in fine tuning commonly occurs when the receiver is first 
turned on, but rapidly becomes stable after a short warm-up 
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period. Drift can also occur when there is a variation in oscilla- 
tor plate voltage, if the B-plus system is faulty—a gradual build- 
up or drop-off of B-plus voltage will result in local-oscillator drift. 
Normal warm-up drift may be corrected by readjustment of the 
fine-tuning control during or after the warm-up period. 
Oscillator drift, or adjustment of the fine-tuning control, varies 
the positions of the video, color, and sound signals on the fre- 
quency response of the i-f amplifier, as observed at the picture- 
detector output. Fig. 2-12 is a normal i-f response curve. The 
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Fig. 2-12 Normal i-f response curve for a color-TV receiver, with markers 
at the sound, color subcarrier, and picture-carrier points. 


sound marker, at the left, is in a dip caused by an accompanying 
sound trap. The color-subcarrier marker is up on top of the 
curve, toward the sound end. The picture-carrier marker is about 
half way up the opposite slope of the curve. : 

If the local oscillator changes in frequency and moves the 
picture-carrier point higher or to the left on the i-f response 
curve, as shown in Fig. 2-13, the color signal will also move 
to the left, and the sound signal will move to the left. This 
happens when the _ local-oscillator frequency is lowered 
because of drift, or by adjusting the fine-tuning control to 
a higher value of capacitance. Higher oscillator frequency, 
or fine-tuning adjusted for less capacitance, will move the 
video, color, and sound signals to the right on the response curve. 

We know that the proper reception of the color signal depends 
upon close adjustment of the fine-tuning control. This is because 
the color signal is pushed more or less out of the pass band when 
the local-oscillator frequency is lowered, as shown in Fig. 2-13A. 
On the other hand, when the local-oscillator frequency is raised, 
the sound signal then falls part way up the side of the curve, as 
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Fig. 2-13(A) How the color signal becomes partially lost when the local- 
oscillator frequency is too low. (B) How the sound signal gets into the picture 
and produces interference when the local-oscillator frequency is too high. 


shown in Fig. 2-13B, and interference appears in the color picture. 
This interference is principally a strong 920-kc beat between the 
color subcarrier and the sound carrier (4.5 Mc—3.58 Mc), and 
also contains random sound bars because of the sound in the 
picture. 

Drift to lower frequency is lessened in some tuners by use of 
one or more negative temperature coefficient (NTC) capacitors 
connected in the local-oscillator circuit and mounted where af- 
fected by tuner temperature, usually on tube socket lugs. Ca- 
pacitors C;, C, or both in Fig. 2-6 might be NTC types. An NTC 
type capacitor may be in parallel with a zero temperature co- 
efficient (NPO) type. 

In case of drift, these (NTC) capacitors should be checked 
first, and replaced. It is not advisable to use a replacement NTC 
capacitor having a greater negative coefficient, because the co- 
efficient selected by the receiver manufacturer is certain to be 
right for the particular circuit. 
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It is interesting to note that a suspected tuner can be checked 
quickly by means of a field-strength meter which provides a tuner 
substitution test. There are field-strength meters available to the 
service trade which provide a special output for testing the tuner 
in a color-television receiver. 

To make this tuner-substitution test, the lead-in is connected to 
the field-strength meter, instead of to the color-TV set. The special 
tuner-substitution test cable from the field-strength meter is then 
connected to the grid of the first i-f tube in the color-TV set. 

By this means, the i-f amplifier in the color-TV set is driven 
from the output of the field-strength meter. If you can obtain 
normal reception from the receiver when driven by the field- 
strength meter, it is shown that the tuner in the receiver is 
defective. 

On the other hand, if you do not obtain normal reception from 
the receiver when driven by the field-strength meter, it is shown 
that the difficulty is located after the tuner. 

This is a very useful and time-saving test to make on a sus- 
pected tuner, because it gives you an immediate answer to the 
question “Is the trouble in the tuner, or is the trouble located in 
circuits following the tuner?”’ 

Finally, let us repeat the most important quick checks dis- 
cussed so far, for the symptom: No color, but black-and-white 
_ picture OK. 

1. To check the antenna and lead-in system, drive the color-TV 
receiver from a color simulator, or from a color-bar genera- 
tor. If you obtain a color pattern on the screen of the picture 
tube, the antenna system is at fault. If you do not obtain a 
color pattern, the receiver is at fault. 

2. To check the tuner in the color-TV receiver, make a tuner- 
substitution test with a field-strength meter. If you obtain 
a color picture in this test, the tuner in the receiver is faulty. 
If you do not obtain a color picture, the circuits following 
the tuner are at fault. 


Operating Note: In case you are making a tuner-substitution test at a 
time that no color-TV station is on the air, you can drive the field- 
strength meter from the r-f output of the color simulator or the 
color-bar generator. | 


Noise Produced by Receiver Input Sections 


This chapter would be incomplete with making note of the 
relative amounts of noise contributed by the antenna and lead-in, 
r-f amplifier, and oscillator-mixer. The reason for this is that the 
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experienced troubleshooter often makes good use of these facts, 
as follows: 


Bs 


2. 


3. 


Turn up the brightness and contrast controls of the receiver, 
and turn up the volume control to nearly maximum. 
Observe the raster for flecks of “snow,” and listen to the 
background noise level in the sound. 

Disconnect the lead-in from the receiver. If there is no 
change in the amount of snow in the raster and no change 
in the sound noise background, the trouble is probably in 
the receiver. (It is possible, but less likely, that the antenna 
system is “dead’’). 


. Pull the r-f amplifier tube. If there is no change in the 


snow and noise levels, the trouble is between the r-f 
amplifier and the picture tube. 


. Pull the oscillator-mixer tube. Again, if there is no change 


in snow and noise levels, the trouble is between the 
oscillator-mixer stage and the picture tube. On the other 
hand, if there is a great reduction in the snow and, noise 
levels when the oscillator-mixer tube is pulled, the trouble 
will be found in the r-f amplifier or antenna section (usually 
in the r-f amplifier). 


You will find that the snow and noise background levels in a 
normally operating receiver behave as follows: 


L, 


2. 


3. 


The greatest reduction of snow and noise occurs when the 
oscillator-mixer tube is pulled. 

The next greatest reduction occurs when the antenna lead-in 
is disconnected from the receiver. 

The least reduction in snow and noise will occur when the 
r-f amplifier tube is pulled (assuming that you have dis- 
connected the lead-in from the receiver). 


Tests of this type are more difficult in some series-string receiv- 
ers, because pulling one tube disables the heater-supply voltage to 
other tubes. In such case, you must make up suitable dummy 
tubes, by clipping all but the heater pins off the base of a suitable 
tube type. 


Replacing Tuners in Color-TV Receivers 


When a color receiver is to be used in a weak-signal area, 
it is sometimes advantageous to replace a simple tuner with a 
high-gain low-noise tuner. This can be easily done if a neutrode 
tuner is used. A neutrode tuner operates at the same plate- 
supply and AGC voltages used in i-f amplifiers. It also has high 
gain and low noise. 
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A cascode tuner also has high gain and low noise. It gives 
good color reception in weak-signal areas. However, a cascode 
tuner requires somewhat higher plate-supply voltage than used 
in i-f amplifiers. It also requires clamped AGC. Hence, the 
cascode tuner is not as easy to install as a neutrode tuner. 

Tuners using pentode mixer tubes are often present in lower- 
priced TV receivers. The cost of pentode tuners is less than 
other tuners. However, you will find that a pentode mixer is 
noisier than a triode mixer. A triode mixer costs more to manu- 
facture because it must be neutralized. This takes additional 
circuit elements. 

Low-cost tuners often have pentode r-f amplifier tubes. A 
pentode tube gives good gain, but it has more noise than a 
triode r-f amplifier. Cascode and neutrode tuners use triode r-f 
amplifiers. Hence, they have a low-noise level. Color reception 
in weak-signal areas depends more on the noise level than the 
gain of an r-f tuner. 


Section 3 


INTERMEDIATE FREQUENCY 
(I-F) AMPLIFIER 


I-F amplifiers are basically similar in both black-and-white and 
color receivers, although there are some important differences in 
details of circuitry and alignment. The basic arrangement for an 
i-f amplifier is shown in Fig. 3-1. Usually there are three ampli- 
fier pentodes, although occasionally there are four and some- 
times only two stages in black-and-white receivers. Color re- 
ceivers always utilize three and sometimes four i-f stages—the 
earlier color receivers utilized five stages. 


Sound Take - of f 


(In most color receivers) 
From Mixer 
Of Tuner 


2nd 

Amp 
ist Tuned 2nd Tuned 3rd Tuned 4th Tuned 
Coupling Coupling Coupling Coupling 


To Picture 
Detector 


(Sound take off is after 
picture detector in_- black 
and white receivers) 


Fig. 3-1 Arrangement of a typical three-stage i-f amplifier section. 


Note that sound take-off (Fig. 3-1) is often made before the 
picture detector in the case of a color receiver. This is sometimes 
necessary because of the greater amount of sound trapping used 
in a color i-f amplifier. Traps and tuned couplings, adjustable for 
alignment, are provided between the tubes, and ahead of the 
picture detector. 
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In black-and-white receivers, the second, third and fourth 
couplings usually are of the same type, commonly two-winding 
transformers with a single adjustable slug for the two coils. The 
coupling from the mixer to the first i-f amplifier may be a series- 
resonant type, a modified bandpass filter, a pair of link-coupling 
inductors, or other type. One adjustable inductor for this coupling 
may be on the tuner and another on the chassis near the first 
i-f amplifier. 

The mixer to i-f coupling is more critical in adjustment than 
others, and may be aligned last during service work. Most of 
these couplings have a marked effect on bandwidth, tilt, and 
positions of picture and sound i-f markers on the frequency 
response. 

Most black-and-white receivers have from one to three traps 
in the i-f section. Accompanying- and adjacent-sound traps are 
most common, although traps are also included in many cases for 
adjacent video. All traps may be placed in the coupling circuits 
between the mixer and first i-f amplifier, or, some of the traps 
may be located in other coupling networks, or in i-f cathode 
circuits. 

In color-TV receivers, an additional sound trap is often used to 
obtain more sound rejection in the i-f section, than is obtained 
in black-and-white receivers. Sound must be reduced to a very 
low i-f level in color receivers, or an objectionable 920-kc beat 
interference will appear in the picture. In addition, one or two 
more tuned couplings are utilized in i-f amplifiers of color re- 
ceivers, to obtain the greater bandwidth which is required. 

Table 3-1 lists faults which are rather common in the i-f 
amplifiers of both black-and-white and color-TV receivers, and 
shows the most probable picture symptoms for each type of fault. 
Notes discussing some of the numbered troubles are given in the 
following paragraphs: 


3.1 Tubes with Low G,, 


Low gain in the first i-f amplifier will sometimes cause a little 
snow in the picture, but appreciable snow is more likely to result 
from weak received signals, or from tuner trouble. Snow in the 
picture indicates that noise impulses at the picture tube are 
strong in relation to desired signals. You will understand that 
unless strong noise interference enters at the antenna, or in the 

r-f amplifier or mixer stages, any incoming TV signals will usually 
acquire enough amplification to overcome any noise which may 
be added in the following i-f stages. 
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To state these facts another way: Low G,, tubes in the i-f 
amplifier produce very little snow in a normal TV signal, except 
that the first i-f tube, when quite weak, will sometimes introduce 
a little snow into a normal TV signal. Of course, weak tubes in the 
i-f amplifier will produce low-contrast pictures. 

Low gain in the i-f amplifier causes poor-quality color reception 
because the color detectors do not produce entirely correct colors 
when the input signal is too weak. Of course, low i-f gain also 
causes the colors to appear weak and washed out. | 

Low i-f gain can also cause erratic operation of the color sync 
section, as well as uncertain operation of the color killer. That is, 
the color picture may tend to drop in and out of color sync, or, 
the color in the picture may fluctuate in and out at various times. 


3.2 Cathode-Heater Short 


A cathode-heater leak must be of low resistance to cause 
serious trouble in either black-and-white or color reception. This 
is because cathodes of most of the i-f amplifiers are connected to 
ground or to B— through bias resistors of less than 200 ohms, or 
sometimes directly. 


3.3, 3.4 Microphonic and Gassy Tubes 


Microphonic tubes can be localized by tapping them with a 
pencil, while watching the picture for horizontal streaks or bars. 
Tubes suspected of being gassy should be checked by substituting 
known good tubes, or by testing the tubes on a tube tester of 
the type which provides a sensitive gas test. 


3.5 B Voltage Low 


Low B voltage is usually caused by faulty tubes or other 
components in the power-supply section, although circuit faults 
that draw heavy currents from the B-voltage system can also 
cause low B voltage. Incorrect supply voltages to the i-f amplifier 
tubes cause the tubes (including the picture tube) to operate on 
‘the wrong portion of their characteristics, which usually causes 
poor brightness, poor contrast, critical sync (both black-and- 
white and color), or, in extreme cases can cause complete loss of 
picture and sound. 


3.6 to 3.15 I-F Alignment 


A satisfactory response curve for both black-and-white and 
color reception is illustrated in Fig. 3-2. Although full response 
at the high-frequency end of the curve is not essential for black- 
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and-white reception, the quality of the picture is improved by 
good high-frequency response. 


SOUND | PICTURE 
\-F I-F 
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PICTURE DETECTOR 
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s56uc -———— 


41.25 4217 45.75 MC 


Fig. 3-2 (A) A flat-topped i-f response with good high-frequency response | 
(out to 4.1 Mc) is often essential for color reception. (B) How the Q color 
signal falls in the i-f pass band. (C) How the I color signal falls in the i-f 
pass band. 
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Color receivers which are designed for operation with a flat- 
topped i-f response curve must be aligned for full high-frequency 
response—otherwise color will be weak, fluctuating, or may drop 
out of the picture completely. 

You must also recognize another type of i-f response curve used 
in color-TV receivers, viz., the curve used in vestigial color side- 
band reception. This is a type of response curve in which the 
color signal falls on the sloping side of the curve opposite from 
the picture-carrier slope, as shown in Fig. 3-3. This method of i-f 
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Fig. 3-3 In the vestigial-sideband type of curve, the color subcarrier falls 
half-way up one side of the curve, and the picture carrier falls half-way up 
the other side of the curve. 


amplifier design simplifies receiver construction, although the 
color signal is attenuated 50% in passage through the i-f amplifier. 
This attenuation of the 3.58-Mc color signal is shown in Fig. 3-4. 


Fig. 3-4 (Left) Complete color signal as reproduced by i-f amplifier with 
flat-topped response. (Right) How the chroma component of the signal be- 
comes attenuated 50% through an i-f amplifier with vestigial-sideband re- 
sponse. 
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Because of this i-f attenuation, the band-pass amplifier in turn 
must be aligned with a slope which is opposite to the slope of the 
i-f curve through the color region. That is, the bandpass amplifier 
must have the greatest gain where the i-f curve has least gain, 
and vice versa. 

Because of these reverse slopes used in aligning the signal cir- 
cuits of vestigial color-sideband receivers, alignment procedure is 
somewhat more difficult than when the more conventional flat- 
topped curves are being handled. For this reason, if you have 
VSM (video-sweep-modulated) alignment equipment available, 
you will obtain a more accurate check of over-all receiver re- 
sponse than if you use the more usual type of alignment equip- 
ment. A more detailed discussion of this method is explained in 
the “Bandpass Amplifier’ section. 

Fig. 3-5 (A) shows a typical flat-topped i-f response curve, as 
obtained in practice, with the picture, color, and sound markers 
appearing at correct positions on the curve. On the other hand, 
a typical distorted i-f response curve is shown in Fig. 3-5(B); the 
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Fig. 3-5 (A) Typical good i-f response of the flat-topped type. (B) Insuf- 
ficient high-frequency response weakens the color signal. 


distortion is caused by misadjusted coupling coils. The color sub- 
carrier no longer appears on the top of the curve (which is peaked 
instead of being flat-topped); instead, the color subcarrier falls 
far short of the 100% response point. This low placement of the 
color subcarrier weakens the color signal, and usually causes poor 
color reproduction because the following signal circuits are not 
designed to operate properly on the wéakened color signal. 

Such i-f misalignment causes the color portion of the picture to 
appear pale and “washed out,” even when the color-intensity 
control is turned up to maximum. In more severe cases, the 
color “drops out” of the picture entirely, for reasons that are dis- 
cussed in some detail in Section 19: “Color Killer.” 
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When the i-f bandwidth is much too great, as seen in Fig. 
3-6 (B), you see that the picture carrier falls on top of the curve, 
instead of half-way down the side. Also, the sound signal is not 
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Fig. 3-6 (A) Normal i-f response curve. (B) Bandwidth too great, with picture 
carrier too high, and color subcarrier too low. 


trapped out properly, but appears much too high on the curve. 
One of the symptoms of excessive bandwidth is loss of i-f gain, 
which weakens the signal and produces poor contrast in the pic- 
ture. (See Fig. 3-7.) 

Excessive i-f bandwidth also causes the colors in the picture to 
appear pale, or, in severe cases can cause complete loss of color. 
Moreover, the sound signal must be trapped out more completely 
in a color-TV receiver than in a black-and-white receiver, because 
the color subcarrier will beat with the sound carrier to form a 
strong 920-kce pattern of diagonal lines in the picture. You will 
find at least one more sound trap in the i-f section of a color re- 
ceiver, than in a black-and-white receiver. 

It is because of this more extensive sound trapping that most 
color-TV receivers have the sound take-off point located ahead 
of the picture detector. This feature prevents the sound signal 
from becoming noisy, particularly when the antenna signal is 
weak. However, you will find some simplified color-TV receivers 
which have the sound take-off point located after the picture de- 
tector, just as in black-and-white receivers. 


3.15 Signal Circuit Open 


Open signal circuits usually cause complete disappearance of 
the picture, although the raster, of course, is still present. If the 
open-circuit occurs after the sound take-off point, the sound 
will still be present, although the picture is absent. 

To make a quick and effective check of signal continuity 
through the i-f amplifier, follow the procedure depicted in Fig. 
3-8. The signal generator should be tunable through the i-f fre- 
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Fig. 3-7 (A) Excessive i-f bandwidth causes picture carrier to fall 
on top of the curve. (B), (C) The | and Q color signals fall within the 
i-f pass band, but are weakened due to loss of over-all i-f gain. 
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Fig. 3-8 How to test continuity of signal circuits through an i-f amplifier 
with modulated r-f generator, and scope. 


quency range of the receiver (this will be in the vicinity of 45 Mc 
for practically all color-TV receivers). Use the generator with 
audio modulation. Make connection through about 10 pyf (ca- 
pacitor C), first to the grid of the last i-f tube, secondly to the 
grid of the preceding i-f tube, and so on back to the mixer grid. 

Connect the scope through a detector probe to the input of the 
picture detector, or, if the detector is known to be operating 
properly, you can make connection through a direct probe to the 
top of the detector load. Adjust the internal sweep of the scope 
to display the modulation frequency of the generator. 

Disconnect the antenna lead-in from the receiver and set the 
channel selector to an inactive channel. With a connection at 
test point 1 of Fig. 3-8, the scope should be adjusted for high 
vertical gain, and the generator adjusted for enough output to 
produce half or two-thirds screen deflection on the scope. Such a 
pattern will indicate that the last i-f amplifier and coupler are 
operative. If you next find that the pattern is still present, and 
higher, with the generator signal applied to point 2, you will know 
that the second i-f amplifier and third coupling are working. 
Point 3 checks the first amplifier and second coupling, while point 
4 checks the mixer and first coupling. 

The amount by which the scope deflection increases from one 
test point to the next is a measure of additional gain in the last 
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stage included. Should the pattern flatten out or become very 
weak at any test point check, trouble is indicated between that 
point and the preceding one yielding a satisfactory trace. 


3.16 Transformer Shorted, or Leaky 
Coupling Capacitor 


A shorted transformer weakens the incoming signal badly, or 
stops it entirely. On the other hand, a leaky coupling capacitor 
may often cause excessive contrast in the picture, by cancellation 
of the normal negative bias on the grid of an i-f tube. However, if 
a coupling capacitor is very leaky, the grid will be driven posi- 
tive, and no signal will pass. 


3.17 Tube Overloaded 


Reduced negative bias on the grid of an i-f tube (from any 
~ cause such as gas, AGC trouble, or leaky coupling capacitors) will 
first produce an overload condition in the i-f amplifier which 
makes a black-and-white picture appear cloudy or muddy and 
indistinct. Multiple images are produced in the picture under 
some overload conditions. In color-TV receivers, the first symptom 
of i-f overload includes incorrect, weak, and muddy colors in the 
picture, especially on the bright colors. Substantial i-f overload 
causes unstable color sync, or complete loss of color syne with 
heavy overload. 


3.18, 3.19 Regeneration in I-F or Mixer 


Regeneration causes distortion of the i-f response curve as 
shown in Fig. 3-9. Bandwidth is cut down, and a high peak will 
appear at some point in the response. Regeneration is caused by 
in-phase feedback from the plate circuit of a tube to the grid 
circuit of the same tube, or sometimes to the grid circuit of a 
preceding tube. 

This feedback may be caused by defective or poorly grounded 
shields over tubes or couplings, or to improper dressing of plate 
and grid leads to tubes. Regeneration can also be caused by incor- 
rect grounding points (usually made when an i-f component is 
replaced). Perhaps the most common cause of regeneration is 
misalignment of the couplings on the grid and plate sides of the 
same i-f tubes, to frequencies too nearly equal. (See Fig. 3-8, 
which indicates the “staggering” of peaking frequencies for 
correct alignment.) 

This is the reason that the i-f coupling should be peaked to 
about the specified frequencies, even though a good-looking re- 
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NORMAL I-F CURVE 


EFFECT OF REGENERATICN 


Fig. 3-9 The top curve shows a normal i-f response curve. Below, the peak- 
ing effect of regeneration. 


sponse curve might be obtained using other peaking frequencies 
through the i-f couplings. 

Finally, it should be noted that regeneration is most noticeable 
on weak signals (low values of AGC bias), and least troublesome 
on strong signals. 


Section 4 


PICTURE DETECTOR 


TYPICAL picture-detector sections for black-and-white receiv- 
ers, which utilize crystal diodes are shown in Fig. 4-1. In some 
receivers, AGC voltage is taken from the output of the picture 
detector, while in other receivers a separate AGC rectifier is used. 
The sound take-off is likewise found at the output of the pic- 
ture detector in some receivers, but on the other hand is located 
at the output of the video amplifier in other receivers. In all 
black-and-white receivers, the sound signal passes through the 
picture detector. 

You will also find the sync take-off at the output of the pic- 
ture detector in some receivers, but at the output of the video 
amplifier in other receivers. Thus, more circuit differences occur 
in picture-detector sections than in r-f and i-f sections. 

In some color receivers, both the luminance and the chromi- 
nance signals are passed through the picture detector, as shown 
in Fig. 4-2 (A). In case of detector failure, neither black-and-white 
nor color reception is obtained. However, in other color receiv- 
ers, only the luminance signal is passed through the picture de- 
tector, and the chrominance signal passes through a separate 
detector. In case of picture-detector failure in this arangement, 
black-and-white reception is not obtained, but color is still ob- 
tained on the screen of the picture tube. Hence, circuit differences 
are important in trouble analysis. 

Fig. 4-3 shows half of a twin-diode tube used as a picture de- 
tector. The other diode is an AGC rectifier with positive delay 
bias on its cathode. 

Tubes are seldom used as picture detectors in modern TV re- 
ceivers, because of the low cost and good performance of crystal 
diodes. However, you will often find tubes used as detectors in 


older models of receivers. 
AR 
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Fig. 4-1 Typical crystal-diode picture-detector circuits used in black-and- 
white TV receivers. 


Symbols on all the circuit diagrams are marked as follows: 

C. Output bypass or charging capacitor, from detector output 
to ground or B—-; for filtering the rectified i-f signal and also for 
removing i-f voltages which get through the detector and which 
might load the video amplifier. 

L,. Peaker (peaking coil) connected from detector output to 
grid of the video amplifier, to hold up the medium-high video- 
frequency response. Sometimes called a series peaking coil. 
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Fig. 4-2. (A) A picture-detector arrangement for color reception, which proc- 
esses both the chrominance signal and the luminance signal. (B) A picture- 
detector which processes only the luminance signal. 
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Fig. 4-3 Typical picture-detector circuit using a diode tube. 
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CRYSTAL OR TUBE 
1 Weak 


2 Cathode-heater leak 


OUTPUT BYPASS 
(Charging C) 
3 Open. Too little C 
4 Too much C 


LOAD RESISTOR 
5 Open or disconnected 
6 Too little resistance 


PEAKER, TO AMPLIFIER 
8 Open or disconnected 
9 Too little inductance 

10 Too much inductance 

11 Short circuited 

PEAKER, TO LOAD R 

12 Open or disconnected 


13 Too little inductance 


14 Too much inductance 
15 Short circuited 


DECTECTOR ASSEMBLY 
16 Shield can poorly grounded 


17 Wrong polarity connection 
18 DC bias on detector 


Note: The most common trouble points in the picture-detector circuit 
are the detector crystal or tube. If the detector itself is ok, it is ad- 
visable to investigate the possibility of trouble in other sections before 
coming back to further checks of the detector section. 
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Ly. Peaker operating in the detector load-resistor branch, to 
hold up the high video-frequency response. Sometimes called a 
shunt peaking coil. 

R. Detector load resistor. 

TP. Test-point for picture-detector output, shown as placed in 
typical receivers. The output from any picture detector may be 
measured from the high side of the load resistor, whether or not 
a test point is provided. 

Faults in the picture-detector section and picture symptoms 
which usually accompany them are listed in the table. The num- 
bered paragraphs which follow refer to faults siniilarly numbered 
in the table: 


4.1 Weak Crystal or Tube 


Weak, open, or shorted crystal diodes must be replaced with 
the same type—not with a general-purpose type. The polarity of 
the replacement must be the same, or a negative picture and loss 
of sync will result. If the crystal diode is not held by clips, leave 
its pigtails as long as possible, while still maintaining firm vibra- 
tion-free support. When soldering, hold the pigtails with pliers 
between the joint and the body of the crystal, to absorb heat. 
Do not mount an exposed crystal diode where it is close to hot 
resistors or tubes. 

A crystal diode can be checked with an ohmmeter, but read- 
ings will vary from range to range, and from one meter to an- 
other, because of differences in test voltage. The best method 
is to check known good crystal diodes with your meter, to ob- 
tain reference readings. The backward and forward resistances 
are both measured to determine their ratio. 

To measure back resistance (the higher resistance), connect 
the ohmmeter leads so that positive voltage from the meter goes 
to the crystal cathode. Reverse the leads to measure forward 
(lower) resistance. In a typical example, an ohmmeter with an 
internal 744-volt battery, used on the R 10K range, will meas- 
ure more than 300K ohms back resistance, and less than 600 ohms 
forward resistance, for a good crystal diode. 

A crystal with very poor front-to-back ratio causes incorrect 
colors and color smearing, particularly when both chrominance 
and luminance signals are processed through the same detector. 


4.2 Cathode-Heater Leakage © 


Tubes used as picture detectors must have practically no 
heater-cathode leakage, or hum bars will appear in the picture. 
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Sync pulling (picture bending) often occurs also. Variation in 
color shading will be seen from top to bottom of the picture (in 
color reception) if heater-cathode leakage is severe—this is a 
symptom which is most noticeable in color reception when both 
the chrominance and luminance signals are processed through the 
same detector. 


4.3. Open Charging Capacitor 


An open charging capacitor (C) in the picture-detector output 
circuit reduces picture contrast for two reasons: first, the low- 
frequency response of the detector circuit is reduced; and, second, 
less signal voltage is applied to the video amplifier. Color recep- 
tion is less affected. If you suspect that the charging capacitor is 
open, make a check by paralleling it with a fixed capacitor of 
about 10 mmf. Improved contrast will indicate that the original 
capacitor is too small, or open. 


4.4 Too Large Charging Capacitance 


Too large a value of charging capacitance will not be present 
unless an incorrect replacement has been made. This mistake 
can be made by a technician if he is not sure of the color coding 
—it is good practice to check the values of replacement capacitors 
on a capacitance bridge. Poor definition and weak color result 
from this fault, due to bypassing of the higher video frequencies. 


4.5 Open or Disconnected Load Resistor 


A load resistor may appear to be properly connected, and yet 
make poor contact due to a cold-soldered joint. An ohmmeter 
check will show whether this fault exists. The resistor some- 
times changes value—occasionally increasing to a very high 
value, which produces the same symptom as an open resistor. 
An ohmmeter will also provide a quick check of this possibility. 
The black-and-white picture suffers much more than the color 
signal from this fault. 


4.6 Load Resistor Too Small 


Resistors do not often decrease in value. However, a hidden 
short-circuit sometimes occurs in the resistor wiring. An ohm- 
meter check will indicate this possibility. The black-and-white 
picture suffers lack of contrast, due to loss of low video frequen- 
cies which carry the larger portion of the signal voltage. The color 
signal does not suffer in strength, but becomes smeared and dis- 
torted. 
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4.7 Load Resistor Too Large 
Make ohmmeter check. (See 4.5.) 


4.8 Open or Disconnected Peaker 


If a peaker is suspected of being open, check by temporarily 
jumping it with a short wire fitted with alligator clips. If pictures 
then appear, or are improved, the peaker is evidently open or 
disconnected. You will sometimes find an open where the fine 
wire of the coil connects with the pigtail of the core—a result 
in many cases of careless probing and tugging of components. 


4.9 Too Little Inductance 


Too little inductance may be caused by an incorrect replace- 
ment, or may result from shorted turns in the coil. Shorted turns 
can be caused by careless handling of a soldering gun, or by 
mechanical crushing of the coil. When replacing peakers, re- 
member that “just any” peaker will not produce good-quality 
pictures—the coil must have the correct value of inductance to 
obtain proper frequency response. 


4.10 Too Much Inductance 


Too much inductance will be present only when an incorrect 
replacement has been made. Too high a value of inductance 
causes abnormal low-frequency response and attenuates the high- 
frequency response. In severe cases, the color is seriously weak- 
ened, and the picture lacks detail. 


4.11 Peaker Short-Circuited 


A peaker does not usually become completely short-circuited, 
although this happens sometimes due to faulty wiring. Partial 
shorts are more common, as has been discussed above. In any 
case, the result is to lower the inductance and increase the 
losses. If the color signal is weak to start with, a shorted peaker 
can cause complete loss of color. 


4.12 Peaker to Load Open 


When the circuit is open from the peaker to the load resistor, 
(usually at the connection of coil to pigtail) the frequency re- 
sponse of the picture-detector circuit becomes seriously distorted. 
The usual symptoms are poor contrast, interference patterns in 
the picture, weak color, and critical fine tuning. An ohmmeter 
check should be made, if this fault is suspected. 
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4.13 Too Little Inductance, Peaker to Load 


Too little inductance will cause a drop-off in the high-frequency 
response, which is observed as poor definition in the picture, 
and sometimes as multiple images. Whether or not multiple 
images occur depends upon how much inductance has been lost 
(usually the result of coil damage). The color signal is weakened 
in the proportion that the high-frequency response of the cir- 
cuit is attenuated. 


4.14 Too Much Inductance, Peaker to Load 


Too much inductance will be found only when an incorrect re- 
placement has been made. The effect of this fault is to produce 
poor definition in the picture, due to loss of high-frequency video 
signal. The color signal becomes weakened to the extent that 
the high-frequency response is attenuated. 


4.15 Peaker to Load Short-Circuited 


A partial or complete short circuit of the load peaker does 
not affect the low-frequency response, but cuts down the high 
video frequencies. The result is to impair the definition of the 
picture, and to weaken the color signal. 


4.16 Shield Can Poorly Grounded 


The detector shield can sometimes becomes loose and poorly 
grounded due to mechanical faults, rough handling, or careless 
replacement. Poor grounding results in incomplete shield action, 
so that external fields can enter the detector assembly, and har- 
monic radiation can escape to be picked up by other nearby 
circuits. The usual symptom is annoying interference patterns in | 
both the black-and-white and color portions of the picture. 


4.17 Detector Diode Polarized Wrong 


Crystal diodes may be replaced in the incorrect polarity, if the 
markings are not noted. Severe picture pulling and a negative 
black-and-white picture are the result, although the color signal 
is not much affected. 


4.18 D-C Bias on Detector 


D-C bias may find its way to the detector when the coupling 
capacitor from the last i-f stage becomes leaky. A small amount of 
leakage usually causes a weak and washed-out picture (lack of 
contrast). Color can be obtained only on strong channels, in such 
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case. A large amount of leakage paralyzes the detector, and only 
a raster appears on the screen of the picture tube. A voltage 
check with a VITVM will quickly show if this fault is present. 


Sound and Chroma May Be Passed 
_ Through the Same Detector 


It should be noted that the sound and chroma signals may be 
processed through the same detector, as shown in Fig. 4-4. This 
arrangement uses two detectors. Loss of black-and-white signal, 
with color and sound ok indicates possible trouble in the Y de- 
tector. 
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Fig. 4-4 Detector arrangement for color receiver, utilizing separate chroma 
and Y detectors, with sound passing through the chroma detecter. 

Likewise, with the arrangement of Fig. 4-4, loss of both chroma 
and sound, with black-and-white reception ok, points to possible 
trouble in the chroma detector. By carefully noting all the 
symptoms of faulty reception, and using common sense in reading 
the circuit diagram for the receiver, many an otherwise difficult 
troubleshooting job can be made easy. 


Principal Functions of the Picture-Detector Components 


Troubleshooting is often aided by a good general knowledge of 
the functions of the various picture-detector components. With 
reference to Fig. 4-5, the load resistor R is principally responsi- 
ble for the low video-frequency response. The shunt peaker Ly is 
chiefly effective in holding up the high video-frequency response. 
Series peakers L, are mid-band or medium video-frequency load 
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Fig. 4-5 Principal components of the picture-detector system. 


devices. The charging capacitors are also critical components in 
the frequency response. 


Checks of Color Burst at Picture-Detector Output 


Scope checks of the color burst are made first at the output of 
the picture detector. A low-capacitance probe should be used to 
avoid excessive circuit loading, and the signal should be taken 


(A) (B) 


(C). (D) 


Fig. 4-6 (A) Burst as commonly seen at the output of the picture-detector, 
using TV station signal. The burst is rather weak and “noisy.” (B) Strong 
burst signal, obtained directly from color-bar generator. (C) A strong burst 
signal somewhat distorted by passage through the r-f amplifier, i-f amplifier, 
and picture-detector. (D) Sound in the picture produces a 920-kc beat between 
the color subcarrier and the sound carrier. 
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off at the grid of the first video amplifier. Here are some important 
points to keep in mind: 

1. As shown in Fig. 4-6, the burst will not be as clear and dis- 
tinct as when viewed directly from the output of the color- 
bar generator (the burst from a color-TV station will usually 
be even “noisier.” 


'SIGNAL-TRACING PROBE 


Fig. 4-7 Meter is used with signal-tracing probe to check picture- 
detector circuit. 


2. Unless a good wide-band scope is used (vertical-amplifier 
response flat through 3.58 Mc), the burst will appear at- 
tenuated or absent, and the technician will be badly misled. 

3. The strength of the burst depends upon the setting of the 
fine-tuning control. If the control is mis-adjusted to cause 
sound interference, the burst will appear quite strong, but 
will show 920-kc beat interference, as illustrated in Fig. 4-6. 
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4. The burst signal is sometimes transmitted at less than full 
strength from the color-TV station. In case of doubt, com- 
pare with the output obtained at the picture detector when 
the receiver is energized by a good color-bar generator. 


Quick Checks for “Dead” Detector 


When the complaint is apparently due to a “dead” detector, the 
technician wishes to make suitable quick checks to confirm his 
preliminary diagnosis. Apply a color-bar signal to the antenna- 
input terminals of the receiver, and connect a d-c voltmeter at 
the output of the detector. A reading of one or two volts indicates 
that the signal is present at this point, but a weak or zero reading 
points to trouble. 

To determine whether such trouble exists in the detector, or in 
the i-f amplifier circuits preceding the detector, apply a signal- 
tracing (detector) probe and meter at the input side of the pic- 
ture detector. A reading of 0.5 volt or more indicates that the 
trouble is in the picture detector, but weak or zero reading points 
to trouble in the preceding signal circuits. 

Fig. 4-7 shows this test being made—the meter reading is ap- 
proximately 0.5 volt, indicating that the input signal to the pic- 
ture detector is at normal level. 

The experienced technician usually prefers scope checks of 
detector circuitry, but the beginner feels more confident when he 
uses a probe and meter. The scope provides more information, 
and should be used when possible. | 


Section 5 


AUTOMATIC GAIN CONTROL 
(AGC) 


ALL color-television receivers utilize gated agc systems, as do 
many black-and-white receivers. Gated agc provides more sta- 
ble reception, because picture framing is not affected by noise 
pulses which are lower in amplitude than the blanking pedestals 
and sync pulses. 


Principles of Gated AGC 


As shown in Fig. 5-1, the positive-going video signal is applied 
to the grid of the age gating tube. The plate voltage for this tube 
is not B-plus (d-c) voltage, but is an a-c pulse which extends in 
the positive direction. The positive-going pulse is obtained from 
a winding on the flyback transformer. The keyed-age tube is 
biased so that it can conduct only when the grid is driven in a 
positive direction by the sync pulse and when the positive pulse 
is present on the plate at the same time. 


D-C 


: Plate- Pulse winding 
+ Composite Current on flyback 
Video & Sync Flow transformer 


AGC 
Voltage 
Output 


Lot 


Fig. 5-1 The age gating tube passes plate current only when the keying 
pulse is present on the plate, with the sync pulse on the grid at the same time. 
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Therefore, if a noise pulse greater in amplitude than the sync 
pulse were applied to the grid at some time between horizontal 
sync pulses, the tube cannot develop any age output voltage— 
there is no plate voltage present except during the brief flyback 
interval. That is to say, agc output voltage can be generated only 
during the horizontal sync interval. Since the voltage of the sync 
pulses is proportional to the strength of the video signal, and 
the sync-pulse voltage determines the value of the agc voltage, 
it is apparent that the keyed-age tube develops an agc output 
voltage which is proportional to the amplitude of the video sig- 
nal. It is seen from Fig. 5-1 that it is the plate current flow in 
the keyed-agc tube which develops the d-c voltage output from 
the plate. 

A somewhat more detailed illustration of a gated-agce system 
is shown in Fig. 5-2. In some receivers, the keyer tube is a triode, 
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Fig. 5-2 Basic circuit arrangement showing voltage paths for a typical 
gated-agc system. 
while in others it is a pentode, but the principle of operation is 
the same. The keyer cathode is maintained from 100 to 300 volts 
positive from the B supply line, as shown. The grid is supplied 
by a lower positive voltage, so that the grid is effectively nega- 
tive by 5 to 70 volts with respect to the cathode. This negative 
bias holds the keyer tube at cut-off except when positive-going 
horizontal-syne pulses from a video signal are present to over- 
come most or all of the grid bias. 

Sync pulses are usually applied to the keyer grid in the form 
of a composite video signal, which is taken off from some point 
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in the video amplifier. However, the sync pulses are sometimes 
obtained from other sources, such as from a sync amplifier- 
clipper in which the sync pulses have been “stripped” from the 
video signal. It is clear that no matter where the sync pulses 
are obtained, the keyed age action is basically the same in any 
receiver. 

As shown in Fig. 5-2, the plate of the keyer tube is not con- 
nected to any source of B-plus voltage. This fact, considered by 
itself, makes the plate so negative with respect to the cathode 
that no plate current can flow, even when strong sync pulses 
are present on the grid. However, the plate is supplied with 
strong positive pulses at the horizontal line frequency; these 
pulses have peak values which range from 200 to 900 volts in 
various receivers. 

Oscilloscope checks of waveforms and peak-to-peak voltages 
in the keyer circuit will often save much wasted time in trouble- 
shooting this section of the receiver. You will find the correct 
voltage values for the waveforms in the receiver service notes. 

The keying pulses are applied to the plate of the keyer tube 
through capacitor C, in Fig. 5-2. This capacitor is a common 
point of failure in the keyed-age system, and is one of the first 
points to be suspected when the symptom is low, positive, or no 
agc voltage. Remember that pulsed components are “worked” 
much harder than components in other circuits, and are more 
likely to fail under stress of pulse voltages. 

In the diagram of Fig. 5-2, the plate pulses are shown generated 
in a separate insulated winding on the flyback transformer. How- 
ever, in some receivers, you will find that these pulses are gen- 
erated in a width-control winding, in the damper circuit, or may 
be obtained from a tap on a common winding of the flyback 
transformer. 

When positive pulses on the keyer plate coincide in time with 
positive syne pulses of the video signal on the grid, as they 
normally do, the keyer tube conducts proportionally to the 
strength of the horizontal syne pulses. These pulses, in turn, are 
proportional to the strength of the video signal. 

Pulses of keyer conduction current, flowing away from the 
plate of the keyer tube, produce a negative charge on the un- 
grounded side of C, (Fig. 5-2). This negative charge on C, is 
the reservoir of agc voltage. The capacitor charge increases with 
stronger incoming signals, and decreases with weaker signals. 

Fig. 5-2 shows the agc buses connected to the plate of the 
keyer tube. In some receivers, the keyer plate is connected 
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directly (not through a capacitor) to one end of an insulated 
winding on the flyback transformer. In such case, the age buses 
are connected to the other end of this winding (shown grounded 
in Fig. 5-2). 

During reception of weak signals, it is desirable that the r-f 
amplifier in the front end operate with less bias than the i-f am- 
plifier. On stronger signals, the r-f amplifier bias is made more 
nearly equal to the i-f bias, to prevent overloading in the front 
end. This is the reason for providing separate buses to the r-f 
and i-f amplifiers (Fig. 5-2). In this arrangement, the age volt- 
age to the r-f amplifier is tapped off a series-resistor arrange- 
ment, as shown in Fig. 5-3. Also shown in Fig. 5-3 are the RC 
filters R;C; for smoothing the control voltage from the age source. 


R¢ 


Source Voltage Divider 
of AGC 


Voltage 


To R-F 
Amplifier 


C |-F a2 
oy Amplifier 


Fig. 5-3 The age voltage applied to the r-f amplifier tube is often reduced 
in value by means of a simple voltage divider. 


Clamping Action 


The agc bias on the r-f amplifier is held constant over a range 
of weak-signal reception, although the i-f bias is increasing, in 
practically all color-TV receivers. This delayed application of 
negative bias to the r-f amplifier is accomplished by means of a 
clamping circuit, as shown in Fig. 5-4. A diode is the essential 
feature of any delayed-agc arrangement. Most often, the diode 
is a section of the first audio-amplifier tube, but it may be a 
section of another tube in some receivers. 

To the diode plate are connected: 1. The negative control volt- 
age from the age source through resistor R, (Fig. 5-4), which 
has a typical value of one or two megohms. 2. Through R, (Fig. 
0-4) to a B-plus line of 125 to 275 volts; R, has a value from 
> to 15 megohms. 3. The r-f age bus leading to the grid return 
of the r-f amplifier. 

A small positive voltage gets through R, which opposes the 
negative voltage from the age source, making the voltage at 
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Fig. 5-4 Anr-f agc arrangement with diode-clamp action. 


the diode plate less negative than the control voltage which is 
fed from the same source to the i-f amplifier. 

On weak signals, the entire control voltage from the age source 
becomes less negative, and on very weak signals it may become 
so small that the opposing B-plus voltage will apply a small posi- 
tive voltage to the diode plate. However, the diode stops the 
actual development of any positive voltage on the r-f bus, and 
clamps the bias at zero under such conditions. The clamping ac- 
tion is as follows: 

Even a slight positive voltage on the diode plate causes the 
diode to start conducting. This current must then flow through 
R,, which is a resistance of many megohms. Even though the 
current flow may be only 10 or 20 microamperes, the voltage 
drop across R, becomes practically equal to the voltage from the 
B-plus line, and an extremely small positive voltage remains at 
the plate of the diode. 

The internal resistance of the diode is only 200 or 300 ohms, 
across which a few microamperes of current flow cause only a 
negligible voltage drop. Consequently, in spite of the positive 
B-plus voltage from the source, the diode plate remains at very 
nearly ground potential. The diode plate and r-f bus can go 
positive by only a tiny fraction of a volt. Actually, we find that 
this fraction does not appear on the bus. 

In the diode, as in all tubes, the space charge causes any ele- 
ment near the cathode to rise to a contact potential which is 
slightly negative with respect to the cathode. In the circuit of 
Fig. 5-4, this contact potential is about % volt, negative. This 
value of contact potential will more than overcome the slight 
positive voltage from the B-plus source. 

Accordingly, no matter how weak the video signal may be, 
the voltage on the r-f bus can never go positive. It will always 
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Fig. 5-5 Decoupling capacitor Ca and resistor Ri prevent the feedback of 
i-f signal from the second stage to the first stage. 


remain at least a small fraction of a volt negative, due to contact 
potential. 


Decoupling Action 


It is necessary to use decoupling resistors and capacitors be- 
tween the amplifier stages which are agc-controlled, as shown 
in Fig. 5-5. Series resistor Rg and shunt capacitor Cy prevent 
feedback of the i-f signal from stage No. 2 to stage No. 1. Feed- 
back would occur if decoupling circuits were not used, because 
the agc bus connects to the grids of all controlled stages. 

You will sometimes find that a receiver appears to be “dead,” 
merely because a decoupling capacitor such as C, in Fig. 5-5 
has opened up. This permits feedback of the signal from later 
stages to earlier stages, and is sometimes sufficient to paralyze 
the i-f amplifier due to oscillation. An open decoupling capacitor 
in the r-f amplifier age network can cause similar trouble. In 
case of strong oscillation and a paralyzed amplifier, a d-c volt- 
meter will read an output of 5 or 10 volts from the picture de- 
tector, whether signal is present in the receiver circuits, or not. 

If it is suspected that a decoupling capacitor is open, a quick 
test can be made by shunting a known good capacitor across 
the suspected capacitor. Use a capacitor which has the same 
value and construction as the original, because some types are 
not efficient bypass units at r-f and i-f frequencies. 

A shorted decoupling capacitor produces zero or near-zero 
bias on the stage to which it is connected. However, earlier 
stages in the age network may not be greatly affected, due to 
the isolating action of the decoupling resistors. 


AGC Voltage Tests 


When the symptoms indicate the possibility of age trouble, 
the voltages on the agc buses should be measured. A VIVM 
must be used for this purpose. Even though an ordinary volt- 
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meter may have a sensitivity of 20,000 ohms per volt, the low 
ranges of the meter place too much drain on the agc bus to 
permit accurate measurements. 

The age voltage measured on a VITVM should become more 
negative while receiving stations on an active channel, but should 
become less negative when the receiver is switched to a vacant 
channel. Make note of the approximate or average agc voltage 
measured on each active channel. 

Leave the VIVM connected to the age bus, and apply an ad- 
justable battery bias to the bus, as shown in Fig. 5-6. Tune the 
receiver to channels for which age voltages were previously 
noted. Then, vary the potentiometer for best picture reproduc- 
tion on each channel, and note these voltage values. Unless the 
original age voltages are fairly close to the battery bias voltages 
for good picture reproduction, the reason should be investigated. 

If age voltages are decidedly wrong, refer to Table 5-2 for 
probable causes. If age voltages are close to satisfactory bat- 
tery bias voltages, but agc trouble is still indicated by Table 5-1, 
refer to faults 5 to 14 in the latter table. 

Remember that the r-f age voltage can be incorrect, although 
the i-f age voltage may be correct. Hence, it is often necessary 
to make use of two variable bias arrangements, similar to that 
of Fig. 5-6, so that the age voltage can be set to the best value 
on the r-f age bus, while the voltage on the i-f bus is set to some 
other value for satisfactory operation. 

If you should find, e.g., that the voltage on the i-f age bus is 
correct, but that the r-f age bus is operating at incorrect voltage, 
check the r-f age section for changed resistor values, and check 
capacitors in this section for leakage. 


Note: AGC bias boxes are available commercially which supply two or 
more adjustable output voltages for this type of troubleshooting. 


I-F AGC BUS 


Switch 


_ 7 (Open when not in use) 
ifr 
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= Approx. 


Fig. 5-6 A battery and 10-k potentiometer are used to set the age voltage 
at various values for test. 
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AGC Faults 


The following numbered paragraphs refer to similarly num- 
bered symptoms listed in Tables 5-1 and 5-2: | 


Black-and-White Color 
Symptoms Symptom 


1es 


Table 5-1 


AUTOMATIC 
GAIN CONTROL 


Contrast Excessive 
Contrast Lacking 
Contrast Varies 
Dark, Momentarily 
Definition Poor 
Flicker or Flutter 
Raster, No Picture 
Smearing 

Snow in Picture 
Sync Critical 
Muddy Colors 
Color Shading Var 
Up and Down Screen 
920-kc Beat Visible 


je | 
od 
jeje | je} | | Changing Cotor | 


No Color 


AGC VOLTAGE ON BUS 
1 Too negative 


2 Not negative enough 
3 Zero to ground 
4 Positive 


FILTER RESISTOR 
5 Too great, open 


6 Too small, shorted 


FILTER CAPACITOR 
7 Too small, open 


8 Too large 


ci 
| 9 Shorted fe fe Tot fofelot 
DECOUPLING SYSTEM 
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12 Capacitor leaky 

CLAMP TUBE CIRCUIT 

13 Resistor to B+ too small 

AGC RECTIFIER TUBE 

14 Heater-cathode leak 

AUDIO-OUTPUT TUBE* 

15 Pin contact intermittent 

KEYER CIRCUIT 

16 Leaky pulse-coupling 
capacitor 


* Applies only to receivers in which the audio-output tube is used as a 
series dropping resistor in thexplate-supply line. . 
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Table 5-2 
AUTOMATIC GAIN CONTROL 


17 Resistor too large, open 


DECOUPLING SYSTEM | 
20 Resistor open 

21 Capacitor leaky 

22 Capacitor shorted 


23 Misadjusted, defective 
24 Weak, low emission 
27 Cathode open 

32 Weak, low emission 
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1 When the age voltage is too negative, the gain of the signal 
circuits is reduced, which reduces the contrast, or may “kill” 
the picture entirely in severe cases. Insofar as sync action is 
concerned, the sync voltage becomes weak which often causes 
sync action to become critical. The chrominance signal also be- 
comes weak, and will drop out of the black-and-white picture 
when contrast becomes weak. 

2 When the age voltage is not negative enough, contrast is 
lacking in the picture, due to grays becoming black, and whites 
becoming gray; this is the opposite distortion of the gray scale, 
as compared with 1. Definition is poor, due to compression and 
clipping of the video signal, which often appears smeared. Sync 
clipping causes erratic sync action. Compression of the chromi- 
nance signal causes muddy colors to appear in the picture. 

3 I-F amplifiers usually have cathode-bias resistors which fur- 
nish some negative bias from grid to cathode, even though the » 
age voltage is very low, or zero. If a cathode is connected to 
ground, or B-minus, as with many r-f amplifiers, grid bias will 


Fig. 5-7 The coarse grainy pattern in this picture is 
a 920-kc beat between the color subcarrier and the 
sound carrier. 


follow age voltage and may become so small as to allow severe 
overloading with normal and weak signals. Contrast in the pic- 
ture varies, as a result, and sync becomes erratic due to clipping. 
The color signal becomes highly distorted and the hues are very 
muddy and smeared. The overloading in the signal circuits often 
causes 920-kc beat to appear in a color picture, as shown in 
Fig. 5-7. . 

4 When the age voltage is even slightly positive, the contrast 
is continually excessive, so that its variation is largely masked. 
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Poor definition, critical sync, muddy colors, and 920-kc beat are 
the result of signal compression and clipping. 

> A filter resistor which is too high in value or open, causes 
changing contrast and fluctuating color saturation, due to the 
slow (or absence of) response in age voltage values with chang- 
ing signal levels. 

6 Where agc voltage is taken from a picture detector, a shorted 
filter resistor shorts out the detector output and the video- 
frequency amplifier input. A dead short appears as a raster with 
no picture, while a partial short produces a weak picture with 
the symptoms of little or no age control (varying contrast and 
color intensity). 

7-8 Excessive filter capacitance lengthens the age time con- 
stant. This may prevent agc voltage from following rapid changes 
of signal strength, or may allow strong noise pulses to momen- 
tarily cut off the signal circuits. Too little capacitance shortens 
the time constant and may allow agc voltage and amplification 
to follow airplane reflections, and similar rapid variations. 

9 A shorted filter capacitor causes loss of age control, and 
permits the signal circuits to “free wheel” at high gain. Varying 
contrast and color intensity result, in addition to excessive con- 
trast and poor sync action. 

10-11 A shorted decoupling resistor or open decoupling ca- 
pacitor may allow spurious interstage coupling to affect picture 
quality as noted in the table. 

12 A leaky decoupling capacitor causes loss of age control, with 
attendant symptoms. 

13. Too little resistance from a clamper to B-plus may lessen 
changes of age voltage when there are decided changes of re- 
ceived signal strength. The age voltage does not follow the signal 
level satisfactorily, with the resulting symptoms noted in the 
table. 

14 A heater-cathode leak in the agc rectifier tube causes the 
appearance of both black-and-white and color hum variations in 
picture shading. 

15 Remember that some receivers use the audio-output tube 
as a series dropping resistor in the B-supply system. An inter- 
mittent socket condition causes the B-plus voltage to fluctuate. 
16 A leaky pulse-coupling capacitor causes loss of age control, 
with the signal circuits operating at abnormally high gain. 

17. To check the condition of a filter resistor, use a VTVM to 
measure negative voltages on opposite sides of the resistor. The 
two voltages should be practically equal, although the d-c meter 
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may read slightly lower on the source side because of the pulsat- 
ing rather than smooth d-c voltage on that side. An open filter 
resistor will affect age voltage only on the section of the bus 
which is beyond the open point, away from the source. 

18 A leaky filter capacitor in general has the same effect as 
an open filter resistor. 

19 A shorted filter capacitor produces the maximum symptoms 
which occur when the capacitor is leaky. 

20 An open decoupling resistor will affect age voltage only on 
the portion of the bus past the open point. 

21-22 If decoupling resistances are on the order of 50-k ohms 
or more, a defective decoupling capacitor will chiefly affect that 
part of the bus connected to the capacitor. With test connections 
as in Fig. 5-6, temporary disconnection of one end of a faulty 
capacitor will allow voltage to become more negative. Discon- 
nection of a good capacitor will not affect the value of the test 
voltage. 

24-35 These are faulty conditions which are fairly obvious, and 
do not require detailed explanation. 

36-37 The cathode of the agc rectifier tube in some receivers 
is connected to the contrast control. In such case, the cathode 
voltage normally becomes more positive when the contrast con- 
trol is advanced, and vice versa. 

38-41 These faulty conditions are reasonably obvious in their 
nature, and do not require detailed analysis. 

42 Observe the pulses at the plate of the keyer tube with an 
oscilloscope set for horizontal line frequency, or a submultiple 
of this frequency. Unless you are certain that the scope will not 
be damaged by the high test voltage, make the test with the aid 
of a 100-to-1 capacitance-divider probe. 

43 When the pulse coupling capacitor requires replacement, 
remember that its operating voltage is relatively high, and make 
a suitable replacement. 

44 Observe the signal at the keyer grid with an oscilloscope. 
Weak horizontal sync pulses can be caused by defects in the 
keyer circuit, or possibly to an overloaded video amplifier which 
is compressing the sync pulses. 

45-48 The nature of these faults is fairly obvious, and does 
not require detailed explanation. 


Section 6 


VIDEO AND LUMINANCE 
(Y) AMPLIFIERS 


VIDEO amplifiers are utilized in both black-and-white and color- 
TV receivers. Luminance amplifiers are specialized video am- 
plifiers used in color-TV receivers only. A video amplifier is 
driven by the composite video signal, or by the complete color 
signal from the picture detector, and steps up the signal for 
application to the picture tube, or to another amplifier. Fig. 6-1 
shows the difference in the waveform which is applied to the 
picture detector, and to the video amplifier. 


I-F Signal Detected I-F Si 


(| 


nal Output 


From I-F Stages ra To Video Amplifier 


Picture 


Detector 


Fig. 6-1 The input signal to the video amplifier, and the input signal to 
the picture detector. 

Principal components of a single-stage video amplifier for a 
black-and-white receiver are shown in Fig. 6-2. The contrast 
control varies the gain of the stage, by adjustment of the grid 
(cathode) bias voltage. Peakers are used as in the picture- 
detector circuit, and a small capacitor is sometimes used in the 
cathode circuit of the video amplifier to obtain additional high- 
frequency boost at the expense of stage gain. The shunt peaker 

69 ‘ 


70 PIN-POINT COLOR-TV TROUBLES 


From Peaker 
Picture ole 

Detector. 
Picture Tube 
one or Next Stage 

zs <’ DPeaker 

?_ 

Co 
Ro 
Rg 


Contrast a: 


-*- Rq 
| a | 


= ax = A+ B+ = 


Fig. 6-2 Typical single-stage video amplifier. 


may or may not be damped, depending upon the plate resistance 
of the video-amplifier tube. 

A typical circuit arrangement for a two-stage video-amplifier 
section is shown in Fig. 6-3. When only one video stage is pro- 
vided, the tube is almost always a pentode or a beam-power 
tube, to obtain high gain. However, tubes used in two-stage 
amplifiers may be triodes, pentodes, beam-power amplifiers, or 
combinations of these tube types. 

Combinations of series and shunt peakers are used in various 
receivers, as indicated in Fig. 6-3, depending upon the char- 
acteristics of the tubes which are used. A video amplifier handles 
frequencies as low as 60 cycles per second for vertical sync 
pulses, and as high as 4.1 Mc for fine detail of black-and-white 
pictures. In color-TV receivers, the video amplifier must pass 
chroma-signal frequencies up to 4.1 Mc. You will also find some 
black-and-white receivers in which the video amplifier handles 
the intercarrier sound signal, requiring appreciable stage gain 
at 4.5 Mc. 

Proper amplification of the lowest frequencies depends chiefly 
upon (1) large capacitance for coupling or blocking at C., (2) 
suitable plate decoupling capacitance at Cy, (3) ample grid- 
return resistance R,, and (4) sufficient plate-decoupling resist- 
ance R, in relation to C4. 


Peakers 


Amplification is extended to high video frequencies by means 
of peaking coils, as has been discussed in some detail for the 
picture-detector section. The peaker which is in series between 
the amplifier plate and the output connection to the picture 
tube (or a second stage), reduces the effect of the stray capaci- 
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Fig. 6-3 Typical two-stage video amplifier. 


tances and tube capacitances in the stage. Since these capa- 
citances are effectively in parallel with the plate-load resistor, 
they “shunt” the load and reduce the value of the load impedance 
as the frequency of operation is raised. These inductors are 
called “plate peakers.” 

The peaker which is in series with plate-load resistor R,, in 
the lead going to B-plus, increases in inductive reactance as the 
frequency of operation increases. This action maintains or in- 
creases the plate-load impedance at the higher video frequencies. 
These inductors are called “load peakers.” A plate peaker is 
usually paralleled with a resistor of a few thousand ohms to 
broaden its response, and thereby prevent excessively sharp peak- 
ing. The load peaker to B-plus may or may not have a shunting 
resistor, as shown in Fig. 6-2, or the peaker may be omitted en- 
tirely as indicated by the broken-line symbol in Fig. 6-3. 

From a general point of view, the peakers affect the shape of 
a video-amplifier response curve much as the interstage couplers 
affect the shape of an i-f frequency response curve. Peakers in 
the detector output and in the outputs of the first and second 
video amplifiers may have values which peak these outputs 
separately to different frequencies. This method makes possible 
a uniform over-all gain, while providing a frequency boost in a 
given stage for a particular need—this is sometimes an important 
consideration in color reception. 

Fig. 6-4 shows a typical video-amplifier response curve for a 
black-and-white receiver. The gain at the low-frequency end of 
the curve is provided entirely by the value of the plate-load 
resistor in the stage. The mid-band response is provided chiefly 
by the plate peakers, while the high-frequency response is de- 
termined principally by the values of the load peakers. With this 
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Fig. 6-4 A typical video-amplifier response curve for 
a black-and-white TV receiver. 


knowledge in mind, video-amplifier trouble can sometimes be 
“spotted” merely by a quick analysis of the frequency response 
curve. 

Fig. 6-5 shows the test set-up which is generally reeommended 
for obtaining video-frequency response curves. The contrast con- 
trol should be maintained at fairly high gain during test. If 
excessive noise appears on the curve, an i-f amplifier tube may 
be removed. Spike interference is usually eliminated by remov- 
ing the sweep output tubes. 
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Fig. 6-5 Test method usually rec- 
ommended by receiver manufacturers 
for video-amplifier checks. 
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Contrast Controls 


You will often find the contrast (video-amplifier gain) con- 
trol in the cathode circuit of the video tube. However, there are 
many receivers in which the contrast control is in the picture- 
tube grid-cathode circuit. 

To provide a minimum grid bias, there may be a fixed resistor 
in series with an adjustable cathode resistor, as shown in Fig. 
6-2. When no fixed cathode resistor is used, and the contrast 
control is set for zero resistance, there will still be some negative 
bias found on the grid when signal is present, due to signal- 
developed bias. 


42 Mc Traps 


The video and sound.i-f, always separated by 442 Mc, combine 
in the picture detector to produce a 414-Mc beat frequency in 
the detector output. This beat must not be applied to the picture 
tube, or it will cause a grainy appearance in the picture. 

The 44%2-Mc beat may be kept from the picture tube by means 
of a trap in any of the positions shown in Fig. 6-6. A parallel- 
resonant trap is used most often at the plate of a video-amplifier 
tube, as shown in full lines, but may be located in any of the 
other positions indicated by the broken lines. A series-resonant 
trap often connects from the amplifier grid to ground, but may be 
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Fig. 6-6 Various positions for 412-Mc traps of the parallel-resonant and 
series-resonant types. 
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on the plate side. Most traps are tuned by a movable core in 
the inductor, although a few have adjustable capacitors. 


Y Amplifiers 


Y amplifiers are used only in color-television receivers. A 
Y amplifier is very similar to a video-frequency amplifier, ex- 
cept that it contains a color-subcarrier trap which operates at 
3.58 Mc. The Y amplifier is also preceded by a 1-microsecond 
delay line, as shown in Fig. 6-7. 


COMPLETE ¥ Y SIGNAL 


COLOR SIGNAL | AMPLIFIER 
INPUT 


AMPLIFIER} OUTPUT 


BANDPASS 


AMPLIFIER 


BURST 
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Fig. 6-7 The video amplifier in a color receiver passes the complete color 
signal, but the Y amplifier passes only the luminance signal. 


Color receivers may have two video amplifiers, followed by 
a delay line and a Y amplifier, as indicated in Fig. 6-8. As shown 
in the inset, a delay line is a special inductor which is partially 
or completely surrounded by metal tape or tubing to provide 
a large amount of distributed capacitance along the turns. As 
its name indicates, the delay line causes a time delay in the 
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Fig. 6-8 Two video-amplifier stages are often used in a color receiver. The 
Y amplifier follows the delay line. 
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passage of a signal—a video signal entering the delay line comes 
out of the line 1 microsecond later, if the line is operating 
normally. 

The function of the delay line is to equalize the passage time 
of luminance and chrominance signals to the picture tube. As 
illustrated in Fig. 6-9, the chroma signal does not pass through 
the delay line; the chroma circuits have a bandwidth of 0.5 Mc, 
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Fig. 6-9 The delay line in the Y amplifier provides proper registration of 
the color signal with the black-and-white signal. 


while the Y amplifier has a bandwidth of 3.5 Mc. Hence, the 
signals would arrive earlier at the picture tube through the Y 
amplifier than through the chroma circuits, if the delay line were 
not provided. 

Also illustrated in Fig. 6-9 is an indication of the trouble which 
occurs when a delay line shorts out, for example. The luminance 
and chrominance voltages arrive out-of-step at the picture tube, 
and a blurred effect is seen at the edges of objects in the picture. 
Fig. 6-10 is a photograph, showing how the edges of a color-bar 
pattern appear blurry and distorted on the screen of a color pic- 
ture tube when the delay line is shorted out. 
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Fig. 6-10 Registration or fit of color and black-and- 
white information is poor when the delay line is shorted 
out. 


As we know, the NTSC color signal is a compatible signal. 
This means that a color transmission will produce a good picture 
on a black-and-white TV receiver. To obtain a good picture, it 
is necessary that the 3.58-Mc signal be greatly attenuated in 
passage through the i-f and video amplifier circuits of the black- 
and-white receiver. This normally takes place as shown in Fig. 
6-11, because of the somewhat limited band width of most black- 
and-white receivers. You will find an occasional black-and-white 
receiver which is aligned for high-fidelity picture reception, with 
full bandwidth out to 4.1 Mc. A black-and-white receiver aligned 
in this manner generally shows an objectionable 3.58-Mc beat 
(dot pattern) in the picture. 

In the case of color-TV receivers, the 3.58-Mc signal is greatly 
attenuated in the Y amplifier, and for the same reason. While in 
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Fig. 6-11 Normal rejection of the chrominance signal by the signal circuits 
of a black-and-white receiver. 
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theory, a Y amplifier could be adjusted for a bandwidth of 4.1 
Mc, in practice this is not possible because an objectionable 
3.58-Mc dot pattern appears in the picture unless the bandwidth 
is restricted to 3.5 Mc. This attenuation of the color subcarrier 
is accomplished by means of color-subcarrier traps in the Y am- 
plifier, which are similar in all respects to the 4.5-Mc sound 
traps discussed above, except that the color-subcarrier traps 
resonate at 3.58 Mc. 

The response curve for a typical Y amplifier is shown in Fig. 
6-12. Note that the waveshape differs from that of a video 
amplifier in that two trap dips appear in the pattern, instead of 
one. This curve also shows a common difficulty encountered in 
practical test work, viz., interference from the vertical-sweep 
circuit. The interference is eliminated by removing the vertical- 
output tube. 


Fig. 6-12 Typical Y amplifier response curve. Inter- 
ference from vertical sweep apparent. 


The same Y amplifier response is shown again in Fig. 6-13, 
with interference from the horizontal sweep circuit present. The 
remedy, as before, is to remove the horizontal-output tube dur- 
ing the test. 

The circuit arrangement of a Y amplifier is entirely similar to 
that of a video amplifier, and you will find that the same types 
of faults occur in both. The only point of difference is in the in- 
clusion of color-subcarrier traps in Y amplifiers, which must 
be peaked for 3.58-Mc rejection. 

Some receiver manufacturers discuss response curves in terms 
of decibels, instead of percentage voltage output. There is a 
direct relation between voltage levels and db levels, as illus- 
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trated in Fig. 6-14. The most common points of discussion in 
curve specifications are the 100%, 70.7%, 50%, 10%, and zero 
levels; the corresponding db levels for these percentages are 
indicated in the diagram. 


Fig. 6-13. The same curve as shown in Fig. 6-14. In- 
terference from horizontal sweep present. 


Fig. 6-14 Corresponding percentage and db values, com- 
monly utilized in describing response curves. 
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Color Bar Test Signal 


The most useful color-bar test signal is illustrated in Fig. 6-15. 
This is a 100% saturated NTSC signal composed of the primaries, 
complementaries, white, black, sync, and burst. The sequence 
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Fig. 6-15 The luminance and chrominance voltages in a standard color- 
bar signal. 


Fig. 6-16 Proper appearance of color-bar signal at 
output of Y amplifier. The blurriness in the trace is 
not 3.58-Mc voltage, but merely cross-talk with the 
sweep circuits. 
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of color bars is arranged for maximum utility of test, as will be- 
come apparent in subsequent discussions. 

This color-bar signal is useful as a quick-check of Y amplifier 
operation: The modulated r-f output from the generator is ap- 
plied to the antenna-input terminals of the color-TV receiver, 
-and a wide-band scope is connected at the output of the Y am- 
plifier; practically no 3.58-Mc signal should appear in the pattern, 
as shown in Fig. 6-16. If an appreciable amount of chroma volt- 
age should appear, the color-subcarrier traps must be checked. 
If color “fit” is poor, the delay line may be faulty. 


Troubles and Symptoms 


Two tables list video-amplifier and Y-amplifier faults and their 
symptoms as evident in pictures. Table 6-1 covers video- and 
Y-amplifier tubes and their voltages, as well as the peakers, 
contrast control, and traps. Table 6-2 deals with capacitors and 
resistors in this receiver section. 


Black-and-White Symptoms 


Table 6-1 
VIDEO AND Y 
AMPLIFIERS 


Tubes, Peakers and 
Contrast Control 


Contrast Excessive 
Contrast Lacking 
Multiple Images 
Negative Pictures 


920-kc Beat 


Raster, No Picture 
3.58-Mc Dot Pattern 
Vague, Smeary Color 
Displaced Color 
Shifting Color Beats 


Grainy Pictures 
Smearing 


Definition Poor 
Hum Bars 
Sync Critical 


Sound Bars 
Tear-out 


| 4 Gassy 
5 Plate too low 
enough 
PEAKERS 


To 2nd amp. or to 
picture tube 


10 Open, disconnected 


V indicates that the component is in a video amplifier. 
Y indicates that the component is in the Y amplifier. 
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Black-and-White Symptoms 


Table 6-I1—cont’d | . y EIS 2 
Ao © = ov 
VIDEO AND Y | #2/.2 | 5/2 Bl p58 
od = wi ean oho 
AMPLIFIERS ARQ S,| Belo 218 3/208] s 
wey] Shs) o2/% alee [48 als 
Tubes, Peakers and |2&8/22°| 88/5 6</5 =| ¢82 lx 
BE el tec eel bed Reel 
Contrast Control [SSsidcelesz ls esl Feel Sag lz 


12 Too much inductance 
13 Shunt R too great 
14 Shunt R too small 


To load resistor and 
B-plus line 
15 Open, disconnected 


16 Shorted or too little 
inductance 


17 Too much inductance 


CONTRAST CONTROL 
18 Open 


19 Shorted 


4¥2-Mc TRAP 
21 Misadjusted 
22 Parallel type open 


23 Parallel type shorted 
24 Series type open 

25 Series type shorted 
3.58-Mc TRAP 

26 Misadjusted 

27 Parallel type open 
28 Parallel type shorted 


29 Series type open 
30 Series type shorted 


DELAY LINE 


w 
cont 
oO 
a] 
® 
3 


V indicates that the component is in a video amplifier. 
Y indicates that the component is in the Y amplifier. 
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Black-and-White 


Table 6-2 :. | 2 
oO Oo & <n > 
VIDEO AMPLIFIER gala ag|e § 
g = 
AND Y AMPLIFIER hAicee oan 
22/228) 2 3: 
ss 3 
SS8|Aszlaaea 


Plate decoupling 
37 Too small 


39 Shorted, leaky 


Screen decoupling, bypass 
40 Too small 


eo | 

cs 

p41 Open 
8 


43 Too small or open 
[44 Shorted | | 
resistors 


Plate Load 
45 Too small, shorted 


}46 Open | 
—_ 


47 Too large 


Decoupling, plate 
48 Too large 


(49 Open 
50 Too small, shorted 


; ad 

Decoupling, screen 
sito" |e 
one 
az) 


53 Too small, shorted 


Grid return 


54 Too small z 
[55 Shorted | 
Ct 


V indicates that the component is in a video amplifier. 
Y indicates that the component is in the Y amplifier. 
* indicates that the symptom occurs only in some sets. 
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Numbered paragraphs which follow refer to faults of similar 
numbers in the two tables. 
1 A weak amplifier tube may cause critical sync where the 
sync takeoff is from beyond the tube output, but not where the 
takeoff precedes the faulty tube. In a color receiver, further 
distinction can be made: a weak tube in the video amplifier af- 
fects both luminance and chrominance signals, but a weak tube 
in the Y-amplifier affects chrominance signals only. 
2 Heater-cathode leakage must be of low resistance to cause 
serious trouble. Leakage resistance must be comparable to re- 
sistance of a cathode bias resistor or to maximum resistance of 
a contrast control on the amplifier cathode. In a color receiver, 
heater-cathode leakage in the Y-amplifier produces hum bars 
in the luminance signal only. Heater-cathode leakage in the video 
amplifier can produce color hum bars to some extent, but these 
are not nearly as noticeable as the bars in the luminance signal. 
5-6 Abnormally low voltage to the plate, or screen, or both 
may allow amplifier tube overloading on strong signals, also on 
any pictures of very light tone or containing a great deal of white. 
These latter kind of pictures increase the peak-to-peak signal 
voltage, overloading cuts off the syne pulses, and where sync 
takeoff follows the overloaded tube there may be critical sync. 
In color receivers, low plate or screen voltage on the video- 
amplifier tube causes weak and muddy color, due to compres- 
sion and clipping of chrominance signals. Low voltage on the 
Y-amplifier tube does not impair color reproduction, but causes 
the hues to lack outline, making them look vague and smeary. 
7 If plate decoupling and screen capacitors are in good condi- 
tion, there is little likelihood of picture trouble due to ripple in 
the main B-voltage lines to the video-amplifier section. 
8-9 Incorrect bias refers to fixed bias or bias resistors, and not 
to adjustable bias used for contrast control. Where there is a 
conductive connection, not a capacitor, from detector output to 
amplifier input or grid the d-c grid voltage will be the same at 
the high side of the detector load resistor. The amplifier grid is 
sometimes biased by a negative voltage obtained from some- 
where in the B-supply system, or both the amplifier grid and 
video-detector output may be so biased. Watch for such additional 
fixed biasing voltages when making measurements at the ampli- 
fier grid. 
10 A peaker winding may be open or disconnected while leav- 
ing a paralleled broadening resistor “in the circuit. The resistor 
alone will pass a greatly weakened video signal. 
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11. A shorted peaker is not likely to cause complaint unless the 
viewer is critical of picture quality. However, a shorted peaker 
in the video amplifier of a color receiver will sometimes cause 
weak color, loss of color sync, or no color. 

12 Slightly too much inductance in the plate peaker lowers 
the frequency of maximum gain and may impair definition. A 
great excess of inductance causes multiple images, or smearing. 
Too much inductance is never present unless an incorrect re- 
placement has been made. In a color receiver, this fault in the 
video amplifier not only causes multiple images, but also pro- 
duces vertical color ripples or repeats at the edge of each colored 
object. 

13-14 Non-adjustable peaker inductors have the ends of their 
fine-wire winding soldered to pigtails of the supporting and 
broadening resistors. The low resistance of the paralleled wind- 
ing makes it impossible to measure the value of the broadening 
resistance without unsoldering the inductor wire, with great 
danger of breakage. The best procedure is to try substituting a 
new peaker-resistor unit. 

15. An open or disconnected load peaker winding may leave a 
broadening resistor in the circuit, and reduces the plate voltage 
to such a low value that contrast and definition are impaired. In 
a color receiver, the result often is weakened or lost color; if the 
color is merely weakened, you will often find that the color sync 
also becomes unstable. 

16 A shorted load-peaker winding causes poor picture definition 
in black-and-white reception; poor color sync, weak color, or no 
color in a color-TV receiver. 

17 Too much inductance in the load peaker is never present 
except in the event of an incorrect replacement. This fault can 
produce picture bending, poor definition, and multiple images in 
black-and-white reception, due to excessive peaking at low or 
medium video frequencies. In color reception, there may be 
noticeable ringing in the color signal and a weakening of the 
color intensity. 

18-19 These contrast eonieel troubles occur only when the 
contrast control is in a video-amplifier cathode. In the case of 
color reception, an open contrast control “kills” the luminance 
signal only, with the result that the color appears poorly outlined 
and smeary. 

20 A noisy contrast control causes picture jitter while the con- 
trol is being operated, and sometimes produces intermittent fluc- 
tuations in picture contrast. 
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21-25 Keep in mind that a parallel-resonant trap is in series 
with the signal path, and in case of trouble, may act similarly to 
an open signal circuit. A series-resonant trap is between the sig- 
nal path and ground or B-, and in case of trouble may become 
a short circuit for signals. Trap faults or failures which permit 
4.5-Mc sound voltage to feed into the picture tube cause an ob- 
jectionable 920-kc beat in the color picture. 

26-30 Color-subcarrier traps are used only in color-TV receiv- 
ers. Misadjustment of this trap can cause poor picture definition 
during black-and-white program reception; during color recep- 
tion, trap misadjustment causes shifting color beats and a promi- 
nent 3.58-Mc dot structure to appear in the picture. 

31-32 An open delay line causes vague and smeary color pic- 
tures, although the hues themselves are unaffected. A shorted de- 
lay line causes displaced color—e.g., an actress’ red lips will ap- 
pear displaced about % inch to the left on her face. During black- 
and-white program reception, an open delay line results in a 
raster but no picture. A shorted delay line has no discernible 
effect upon reception of a black-and-white program. 

33-34 A coupling capacitor from detector to first video ampli- 
fier may be of less capacitance than one in the output to the 
picture tube without causing any picture defects. The color 
signal is not affected to an appreciable extent, having a rela- 
tively high frequency. An open coupling capacitor stops the 
signal flow. 

35 A shorted or very leaky capacitor from video detector to 
amplifier grid may place an excessive negative biasing voltage on 
the amplifier, from a negative voltage on the high side of the 
detector load resistor. A leaky capacitor from an amplifier plate 
to a following stage or to a picture-tube grid makes the following 
grid less negative or possibly positive, which causes overloading 
of the following amplifier or picture tube. A leaky capacitor to a 
picture-tube cathode makes the cathode too positive, and the 
picture-tube grid too negative. 

36 Coupling or blocking capacitors should be separated from all 
chassis metal by a quarter-inch, or more. Capacitance of less than 
100 mmf to ground can greatly impair definition, or attenuate the 
color signal. Capacitors of large physical size are likely to get 
close to chassis metal. A paper capacitor having considerable 
internal inductance, due to the foil being in the form of a winding, 
may cause slight smearing. If replacement is made with this type 
of capacitor, it is good practice to shunt the paper capacitor with 
a small mica capacitor of about 500 mmf capacitance. 


86 PIN-POINT COLOR-TV TROUBLES 


37-42 A test for decoupling capacitors too small or open is 
made by temporarily paralleling them with an electrolytic ca- 
pacitor of about 10 mfd and 450-volt rating. Be sure to make 
connection on the low side of a plate-load resistor, as shown in 
Fig. 6-2 for capacitor Cy, and directly to the screen, as for ca- 
pacitor C, in the same diagram. Leaky and shorted decoupling 
and bypass capacitors can often be checked without disconnection 
from their circuits, by use of a good in-circuit capacitor checker. 
43-44 A cathode bypass capacitor, when used, increases the 
gain by eliminating cathode degeneration if the value of the 
capacitor is large. Smaller values of cathode bypass capacitance 
provide some degeneration at low frequencies, and complete by- 
passing at high frequencies, with resulting high-frequency peak- 
ing action. Hence, replacement should be made with exact values 
in the smaller capacitance ranges. 

45-56 Techniques of resistor checking have been discussed in 
some detail in preceding chapters, and hence are not repeated 
here. 


Section 7 


CHROMINANCE BANDPASS 
AMPLIFIER 


THE chrominance bandpass amplifier is a circuit section which 
is utilized only in color-TV receivers. The nearest comparison 
which can be made between a bandpass amplifier and a black- 
and-white receiver section would be to compare a bandpass am- 
plifier with a video amplifier. However, there are distinct differ- 
ences of great importance to the service man. The principal 
difference is in the frequency response of the bandpass amplifier. 

As shown in Fig. 7-1, the bandpass amplifier may be driven 
from the output of the picture detector. However, you will also 
encounter color receivers in which the bandpass amplifier is 
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Fig. 7-1 The chrominance bandpass amplifier may be driven from the pic- 
ture detector. 


driven by a separate chrominance detector, as shown in Fig. 7-2. 
When a separate chrominance detector is used, sound output is 
usually taken also from this source. 

These differences in receiver arrangement are of importance 
in service work, because they affect the trouble symptoms which 
may be observed. Color receivers which utilize the arrangement 
shown in Fig. 7-1 commonly employ a separate sound detector. 
In such case, failure of the sound detector does not result in loss 

Q7 


88 PIN-POINT COLOR-TVY TROUBLES 


\-F CHROMINANGE 
AND SOUND 


GHROMINANCE 


AMPLIFIER 


AMPLIFIER DETECTOR 


Y ¥ 


DETECTOR AMPLIFIER 


Fig. 7-2. The chrominance bandpass amplifier is driven from a separate 
detector in many receivers. 


of color. However, in the arrangement shown in Fig. 7-2, failure 
of the sound and chrominance detector results in loss of both 
color and sound. 

Failure of the picture detector in the arrangement of Fig. 7-1 
results in loss of both black-and-white and color reception. How- 
ever, failure of the Y detector in the arrangement of Fig. 7-2 
results in loss of black-and-white reception, with remaining abil- 
ity of the receiver to display the color portion of the complete 
color signal. 

The complete color signal is separated in its passage through 
the bandpass amplifier and the Y (luminance) amplifier, as illus- 
trated in Fig. 7-3. This separation is accomplished by providing 
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Fig. 7-3 Separation of chrominance and luminance signals in their respec- 
tive amplifiers. 
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low-frequency bandpass response in the Y amplifier, and high- 
frequency bandpass response in the chrominance bandpass am- 
plifier. Typical frequency response curves for these two receiver 
sections are shown in Fig. 7-3. 

~The process of separation of the complete color signal into 
its chrominance and luminance (Y) components is depicted in 
Fig. 7-4. The low-frequency Y signal passes through the Y am- 
plifier, but the passage of the high-frequency chrominance signal 
is blocked. On the other hand, the low-frequency Y signal is 
unable to pass through the bandpass amplifier, while the high- 
frequency chrominance is passed by the chrominance bandpass 
amplifier. 
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Fig. 7-4 Division of the complete color signal through the Y and bandpass 
amplifiers. 

Although the chrominance signal has a center frequency of 
3.58 Mc, as shown in Fig. 7-4, it also contains sidebands out to 
0.5 Mc on either side of 3.58 Mc—it is for this reason that the 
chrominance bandpass amplifier is aligned with a flat top from 
3.1 to 4.1 Mc, as shown in Fig. 7-3. If the bandpass amplifier is 
aligned with a narrow peak, instead of a flat top, most of the side- 
band frequencies are choked out, and the color definition be- 
comes very poor. 

The process of signal separation which occurs through the 
bandpass amplifier and the Y amplifier can best be understood 
from the photographs shown in Fig. 7-5. At (A) you see the 
complete color signal (a color-bar signal) as it arrives at the 
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(A) 


(B) 


(C) 


Fig. 7-5 (A) The complete color signal, which is ap- 
plied to both the Y amplifier and the bandpass amplifier. 
(B) the Y component, which passes through the Y 
amplifier. (C) The chrominance component, which passes 
through the bandpass amplifier. 
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input of the bandpass amplifier and at the input of the Y am- 
plifier. (B) shows the Y component which passes through the Y 
amplifier, while (C) shows the chrominance component which 
passes through the bandpass amplifier. 

Some bandpass amplifiers are aligned for a flat-topped re- 
sponse from 2.1 to 4.1 Mc, as shown in Fig. 7-6. These are wide- 
band color receivers, which are in a small minority today. How- 
ever, you may occasionally encounter a wide-band color receiver 
in the course of service work. 

It will be apparent from an inspection of Fig. 7-6 that there 
is considerable overlap of the color with the black-and-white 
signal, in the region from 2.1 to 3.5 Mc. The question is often 
asked how this overlap can exist, without causing objectionable 
interference in the picture. The answer is, that although an appre- 
ciable amount of the color signal does exist within the pass 
band of the Y amplifier, the interference which it causes is very 
minor, because of a characteristic of the complete color signal 
which is called frequency interlacing. 


| | | | | | 
4.5 4 3 9 1 @) 
VIDEO FREQUENCY - MC / 


Fig. 7-6 Frequency response at the output of a chrominance bandpass 
amplifier. 

Frequency interlacing is accomplished by a careful selection 
of the color-subcarrier frequency (3.579545 Mc), which makes it 
an odd multiple of half the scanning frequency. If it were not 
for frequency interlacing at the transmitter, interference between 
the color and the Y signal would be quite apparent. 

Circuit details of a typical bandpass amplifier are shown in 
Fig. 7-7. This is a rather common arrangement in which the com- 
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plete color signal is taken from the cathode circuit of the video 
amplifier, while burst, sync, and AGC are taken from the plate 
circuit of the video amplifier. The bandpass amplifier is a pen- 
tode, with tunable coils in its plate circuit for aligning the stage 
for 3.1 Mc to 4.1 Mc bandpass. A sound trap is shunted across 
the output circuit of the bandpass amplifier, to block passage of 
the intercarrier sound signal. 
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Fig. 7-7 A bandpass amplifier section showing important circuit components. 


The level of the chrominance output signal can be varied 
by turning the saturation control. You will often find the satura- 
tion control called a color-intensity control. An important point 
shown in Fig. 7-7 is the blanking pulse applied to the screen 
grid of the bandpass-amplifier tube, from a winding on the fly- 
back transformer. The magnetic field in the core of the fly- 
back transformer has a pulse variation, and a similarly shaped 
pulse is induced in the winding. The pulse is applied in negative 
polarity to the acreen grid of the bandpass-amplifier tube, to 
cut the tube off during passage of the burst through the video 
amplifier. 

It is not desirable to let the burst pass through the bandpass 
amplifier into the color demodulators, because the burst signal 
has a yellowish phase, and will cause an upset in the operation 
of subsequent color circuits, if permitted to pass. Hence, the 
pulse drives the screen grid of the bandpass-amplifier tube in 
a negative direction for the duration of the burst, and cuts the 
stage gain to zero for this brief interval. The same pulse is also 
applied to a subsequent receiver section, the burst amplifier. 
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Compensating peak 


Fig. 7-8 Not all bandpass amplifiers have flat-topped 
response. When the color signal is partially attenuated 
in the i-f amplifier, a compensating rise is made in the 
bandpass response, as shown above. 


Bandpass amplifiers are not always aligned with a flat-topped 
response. The shape of the bandpass-amplifier response curve de- 
pends upon the shape of the i-f response curve, and the service 
man should consult the service notes for a particular receiver in 
this regard. For example, Fig. 7-8 shows the shape of the band- 
pass-amplifier curve which is required when part of the color 
signal comes through on the sloping end of the i-f curve. 

You will encounter color receivers which differ from the 
arrangements so far discussed, in that two chroma amplifier 
stages are utilized, as shown in Fig. 7-9. There is no fundamental 
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Fig. 7-9 A two-stage bandpass amplifier arrangement used in many modern 
color receivers. 
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difference between a one-stage chroma amplifier and a two-stage 
chroma amplifier, except that the gain obtained with the two- 
stage amplifier is much higher. Increased gain is required for 
proper operation of certain types of synchronous detectors, as 
explained in the next section. 

The arrangement shown in Fig. 7-9 is aligned to produce a 
response curve having a fairly rapid rise from 3.1 to 4.1 Mc. 
Note that the over-all response curve is obtained by adjustment 
of coils located in the plate and grid circuits of the first chroma 
amplifier, and in the plate circuit of the second chroma amplifier. 
An intercarrier sound trap (4.5 Mc) is also utilized in the grid 
circuit of the second chroma amplifier. 

Note that the grid of the first chroma amplifier is returned 
through an isolating resistor to the chroma gaih-control section. 
By this means, an automatic chroma control (ACC) bias is ap- 
plied to the grid of the first chroma-amplifier tube, to assist the 
AGC circuits of the receiver in maintaining a steady signal level. 
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* Not in all receivers—see text. 
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Note also, that the grid of the second chroma-amplifier tube 
is returned through an LCR choking circuit to the color-killer 
bias control. The color killer is a receiver section which de- 
velops a high negative bias voltage when no burst (color signal) 
is present, thus cutting off the bandpass amplifier and eliminat- 
ing noise from this source in the picture during black-and-white 
reception. 

The output from the first chroma amplifier is applied both 
to the grid of the second chroma-amplifier tube, and also to the 
grid of the burst-amplifier tube. The burst amplifier is the first 
unit in the color sync system. 

The saturation control seen in the cathode circuit of the second 
chroma-amplifier tube is a manual control for adjustment of 
color contrast. This control is also known as a color-intensity 
control. 

Output from the second chroma amplifier is applied to the 
R-Y and G-Y (synchronous) color detectors. This receiver sec- 
tion is discussed in the next chapter. 

Numbered paragraphs below refer to similar numbers in Table 
7-1: 

1 A weak bandpass-amplifier tube reduces the stage gain and 
weakens the chrominance signal. In receivers which take the 
intercarrier sound from the output of the first bandpass amplifier, 
the sound will be affected in severe cases. Color sync is usually 
affected, when the burst voltage is taken from the output of the 
bandpass amplifier. 

2 A heater-cathode leak in the bandpass amplifier tube must 
have low resistance before reception is seriously affected, due 
to the low value of the cathode resistor. Substantial heater- 
cathode leakage produces color hum bars in the picture. 

3 A gassy bandpass-amplifier tube weakens and distorts the 
color signal. Complete loss of color rarely occurs unless the tube 
is so gassy that it may be considered a “dead” tube. When the 
burst signal is taken from the bandpass amplifier, color sync 
will be impaired. 

4 Low plate voltage on the bandpass-amplifier tube reduces 
stage gain and causes signal clipping or compression. The color 
becomes weak and muddy in the more severe cases. Color sync 
becomes erratic when the burst signal is taken from the band- 
pass-amplifier output. | 

> Low screen voltage gives approximately the same symptoms 
as low plate voltage. However, there is less tendency to muddy 
the color. 
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6 Ripple in the B-plus supply voltage must become quite large 
before color reproduction is affected, but shows up as color hum 
bars in the picture. ) 

7 When the bias on the grid of the bandpass-amplifier tube is 
too negative, the symptoms are the same as for a weak tube. 
Excessively high bias results in no color, and a dead stage. 
8 When the bias on the grid is not negative enough, the stage 
overloads. Colors become false and muddy. Bias trouble can 
arise in the color-killer section, or from a shorted cathode bypass 
capacitor. In some receivers, bias trouble can arise in the chroma 
gain-control section. 

9 When sound traps are peaked to too high a frequency, ex- 
cessive sound interference (sound bars and 920-kc beat) appear 
in the picture. 

10 When sound traps are peaked to too low a frequency, the 
bandpass response curve becomes distorted, and sound is ad- 
mitted to the picture. In most cases, the chroma signal is weak- 
ened in addition to being distorted. 

11. <A shorted parallel trap gives the same symptoms as a trap 
tuned to too high a frequency. A shorted series trap results 
in “dead” circuits following the trap. A shorted series trap gives 
the same symptoms as a trap tuned to too high a frequency. 
12 See ll. 

13. When the bandwidth is too narrow, the effect is much like 
narrow response in a video amplifier—detail is lost in the color 
picture, and the chroma signal becomes weakened. In severe 
cases, the chroma signal becomes noticeably distorted, displaying 
incorrect or muddy colors. 

14 When the bandwidth is too great, noticeable crosstalk 
occurs, due to appreciable Y signal entering the bandpass am- 
plifier. The chief picture symptom is ragged and fluctuating 
edges to objects which have high contrast. 

15 Wrong frequency limits to the bandpass response curve 
weaken, and may distort the color signal. The symptoms noted 
under 14 are also observed in some cases. 

16 The slope of the bandpass response curve is somewhat 
critical in many receivers, and weakens the color signal when in- 
correct. A severe slope error can also result in incorrect colors. 
17 An open color-intensity control causes a “dead”’ stage. 
18 A shorted color-intensity control, if located in the cathode 
circuit, causes excessive output and often distorted colors, with 
loss of manual control. If located in shunt to the output circuit, _ 
a shorted control results in a “dead” stage. 
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19 A noisy color-intensity control results in intermittent, and 
sometimes drifting color reception. “Jumpy” action is noted dur- 
ing adjustment. 7 
20 A leaky grid-coupling capacitor disturbs the bias on the 
tube. If located between the chroma detector and the tube, the 
bias may become either too negative or too positive. If located 
between amplifier stages, the bias will always shift in a positive 
direction. 

21 An open grid-coupling capacitor results in a “dead” stage. 
22-27 Leaky or open bypass capacitors, and incorrect values 
of screen resistors produce gain disturbances and symptoms simi- 
lar to those caused by tube faults. 

28 When the blanking-pulse winding is open, the burst signal 
is admitted to the color detectors, and the screen voltage may 
become too high. However, note that some color receivers have 
circuit arrangements requiring a boost pulse (positive pulse) 
applied to the bandpass-amplifier tube—in this case, an open 
boost-pulse winding results in poor color sync, due to attenua- 
tion of the burst signal. 

29 A shorted pulse winding produces the same symptoms as 
an open winding, except that the screen voltage is unaffected. 
30-32 Defects in the contrast control do not cause trouble in 
the bandpass-amplifier section unless the arrangement is such 
that the chroma signal is obtained through the contrast control. 
The most extensive possible involvement is illustrated in Fig. 
7-7, where contrast-control faults affect burst, sync, AGC, Y, 
and chroma signals. 


Section 8 
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CHROMINANCE demodulators are unique to color-TV receivers, 
and their counterpart is not found in black-and-white receivers. 
We can find a little comparison between chrominance demodula- 
tors and FM detectors such as ratio detectors and Foster-Seeley 
discriminators. But, as we shall see, the differences are greater 
than the similarities. 

Chrominance demodulators are commonly referred to also 
as color demodulators, color detectors, chrominance detectors, 
chroma demodulators or detectors, and as synchronous detectors. 
Fundamentally, a chrominance demodulator is a special type of 
phase-amplitude detector. 

Observation of Fig. 8-1 will reveal that the 3.58-Mc chromi- 
nance signal undergoes two demodulations before it arrives at 


COMPLETE COLOR SIGNAL INPUT 


PICTURE 
DETECTOR 


COLOR 
DETECTOR 1 


BANDPASS DE MODULATED 
CHROMI NANCE 
AMPLIFIER OUTPUTS 


COLOR 
DETECTOR 2 


Fig. 8-1 The 3.58-Mc chrominance signal is amplitude-demodulated in the 
picture detector, after which it is phase-demodulated in the two color (chromi- 
nance) detectors. 


the grids of the color picture tube. The chrominance signal is 

first amplitude-demodulated in the picture detector, and is then 

phase-demodulated in the two color detectors. You should not 

confuse chrominance demodulators (which are phase detectors) 

with the picture detector (which is an amplitude detector). 

Neither should you confuse chrominance detectors with the 
99 | 
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special amplitude detector which is used when the 3.58-Mc sig- 
nal is not passed through the picture detector, but instead, is 
passed through a special AM detector (called the “chroma de- 
tector” in most cases). Such AM chroma detectors have been 
fully discussed in Section 7, to which you may refer in case of 
doubt. 

The early wide-band color-TV receivers utilized I and Q color 
(chrominance) detectors; some receivers of this type are still 


| COLOR 
DETECTOR 
BANDPASS 
AMPLIFIER : 
Q COLOR 
DETECTOR 


(B) 


Fig. 8-2 (A) Wide-band color receivers utilize | and Q color detectors. 
(B) The terms I and Q are phases, having the relations to “burst’’ as shown 
above. 
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encountered in service work. Fig. 8-2 shows the basic signal- 
circuit phases in an IQ detector system. The term “I” stands for 
“in-phase,” and the term “Q” stands for “quadrature phase.” 
That is, the I axis is in phase with the line of maximum color 
sensitivity of the human eye, while the Q axis is in quadrature 
with the I axis. 

The I and Q axes are sometimes referred to as the transmission 
primaries, because the TV station transmits along these axes. 
The I signal is transmitted in wide-band form (1.5 Mc bandwidth), 
and the Q signal is transmitted in narrow-band form (0.5 Mc 
bandwidth). The I signal is wide-banded because the eye has 
greatest sensitivity to colors along the I axis, as noted above. 

If we observe positive and negative I signals on the screen of 
a color picture tube, we shall see that these are orange and cyan 
hues. Likewise, if we observe positive and negative Q signals on 
a picture-tube screen, we shall see that these are green and 
magenta hues. This is useful information to remember when we 
are checking the operation of color detectors with generator 
signals. 

You will find that IQ detectors are not nearly as common as 
(R-Y)/(B-Y) detectors, depicted in Fig. 8-3. However, when you 


To 
Picture Delay Y Cathodes 
Antenna Detector Line Amplifier! of Color 
Picture 
Tube 
To Red Grid of 
Bandpass R-Y Color Picture Tube 
Amplifier Detector 
G-Y To Green Grid of 
Matrix Color Picture Tube 


B-Y 
Detector To Blue Grid of 


Color Picture Tube 


Fig. 8-3 Arrangement of signal circuits in a receiver using (R-Y)/(B-Y) 
color detectors. 

service an IQ receiver, it is essential to remember that the proper 
signals must be used from the color-bar generator. All generators 
provide a choice of I, Q (R-Y), (B-Y), and other signal outputs. 
It will be clear at this point that I and Q test signals have differ- 
ent phases from (R-Y) and (B-Y) test signals; like I and Q, 
(R-Y) and (B-Y) have reference to certain phase angles, as 
shown in Fig. 8-4. Fig. 8-5 also shows that the color-subcarrier 
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—(B-Y) +(B-Y) 


—(R-Y) 
Fig. 8-4 The (R-Y) phase is in quadrature to “burst,” and the (B-Y) phase is 
the same as the “burst’’ phase. 
90° Color 
Sub- 


carrier 


180° 


2/0? 


Fig. 8-5 The color detectors are energized by the color subcarrier signal 
from the bandpass amplifier (see Fig. 8-3). 
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signal which is applied from the bandpass amplifier to the color 
detectors may have any phase—in reception of a color program, 
this signal phase is continually changing, as indicated. 

Note that the burst phase is the same as the —(B-Y) phase. 
In service work, we often display positive or negative (R-Y) and 
(B-Y) signals on the screen of the color picture tube. We will 
observe that (R-Y) appears as red with a tinge of blue, and that 
—(R-Y) appears as a bright bluish-green; (B-Y) is a blue color, 
and —(B-Y) is a yellowish-green. 

The (R-Y)/(B-Y) detection system is a narrow-band arrange- 
ment in which both detectors operate at a bandwidth from 0.5 to 
0.6 Mc. For this reason, the (R-Y)/(B-Y) system cannot re- 
produce as fine detail of color as the IQ system, in which the 
I channel operates at 1.5 Mc bandwidth. Since the (R-Y)/(B-Y) 
type of receiver is more economical to manufacture, however, it 
is in much wider use. 

The burst is the color sync signal, which is transmitted on the 
back porch of the horizontal syne pulse, as shown in Fig. 8-6. 


HORIZONTAL 
SYNC. PULSE 
8 TO 9 CYCLES 
3.58 MC BURST 
BLACK LEVEL 
i Ape) | Soe fn te a 
| 
| 
| 
BACK 
~~ PORCH 


HORIZONTAL BLANKING 


Fig. 8-6 The horizontal sync pulse carries the “‘burst’’ during color trans- 
missions, to lock the receiver circuits in color sync. 
The burst consists of 8 or 9 cycles of 3.58-Mc color-subcarrier 
signal. The color detectors compare the phase of the color signal 
at each moment with the phase of this burst signal. In this man- 
ner, the three chrominance channels (see Fig. 8-3) are energized 
as required. 

You will find that there are additional types of color-detector 
arrangements, besides the IQ system and the (R-Y)/(B-Y) sys- 
tem. One of the important arrangements is called the (R-Y)/ 
(G-Y) color demodulation system, and is illustrated in Fig. 8-7(B). 
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The older (R-Y)/(B-Y) system is shown for comparison in Fig. 
8-7(A), from which it is apparent that the (B-Y) detector and 
(G-Y) matrix are interchanged in positions with respect to the 
(R-Y)/(G-Y) system. Briefly, the (R-Y)/(G-Y) system has been 
adopted to obtain a better signal-to-noise ratio, and hence better 
color reproduction under weak-signal conditions. 
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Fig. 8-7 The three common types of chrominance demodulation systems. 
(A) The (R-Y)/(B-Y) arrangement. (B) The (R-Y)/(G-Y) arrangement. (C) The 
bootstrap arrangement. 


Because we must service and adjust the (G-Y) type of color 
detector, it is necessary that we know the (G-Y) phase, in addi- 
tion to the other detection phases which have been noted. Fig. 8-8 
shows the relation of (G-Y) to burst, and to (R-Y). 

You will observe during the course of service work that (G-Y) 
appears on the screen of the color picture tube as a green hue; 
and —(G-Y) is displayed as a magenta hue. 

Note the bootstrap color-detection system, diagrammed in Fig. 
8-7 (C). This is another of the later color demodulation systems, 
and features the use of two tubes to develop the three chromi- 
nance signals: (R-Y), (B-Y), and (G-Y). The bootstrap system is 
basically an (R-Y)/(B-Y) detection arrangement, but contains 
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within itself a (G-Y) matrix. Other color-detection systems 
utilize an external (G-Y) matrix section, as indicated in Fig. 
8-7 (A). For details of matrix operation and servicing, refer to 
Section 9. 

The bootstrap system is an economy design, which makes use of 
a minimum number of tubes and components to process the three 
chrominance signals. Servicing of the bootstrap detection system 


+(R-Y) 


=R-Y)} 


Fig. 8-8 The (G-Y) detection phase is situated 56° from 

“burst” or 146° from (R-Y), as shown above. 
requires that you recognize the color-subcarrier phases used by 
the (R-Y) and the (B-Y) detector tubes; these phases are shown 
in Fig. 8-9, from which it is seen that test signals used to service 
the bootstrap detector may have quite different phases from sig- 
nals used to service other types of color detectors. However, the 
phases required depend upon the nature of the test and the tech- 
niques which are used, as explained at a later point. 

In order to troubleshoot and service color demodulator circuits 
properly, it is necessary to understand their operation. The volt- 
ages in the signal circuits of an (R-Y)/(B-Y) detector system are 
indicated in Fig. 8-10. Note that the complete color signal which 
is applied to the bandpass amplifier, is applied in turn to both of 
the color demodulators. The 3.58-Mc voltage from the color- 
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subcarrier oscillator is applied in different phases to the two de- 
tectors, as shown in Fig. 8-10. 

You will note that the output from the subcarrier oscillator is 
applied directly to the (R-Y) detector. However, the subcarrier 
oscillator output is applied to the (B-Y) detector through a 
90° phase-shifting transformer. Refer back to Fig. 8-5, and ob- 
serve how the circuit arrangement “ties in” with the vector 
diagram. 


(R-Y) 
PHASE OF COLOR SUBCARRIER 
APPLIED TO (R-Y) DETECTOR 
GRID 


PHASE OF COLOR SUB- 
CARRIER APPLIED TO 
(B-Y) DETECTOR GRID 


-(B-Y) (B-Y) 


-(R-Y) 


Fig. 8-9 Phase relations of the subcarrier oscillator voltages applied to 
the bootstrap detector tubes are shown in the diagram above. 
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OUTPUT 


(B-Y) 
DETECTOR 


90° 
PHASE 
SHIFTER 


Fig. 8-10 The chrominance detectors operate with two signal inputs. The 
complete color signal is applied to the detectors from the bandpass ampli- 
fier. The subcarrier oscillator voltage is applied to both detectors, but in 
different phases. 
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Now let us see how it works. Consider the case in which an 
(R-Y) test signal is applied to the color-TV receiver; such a test 
signal is commonly obtained from a color-bar generator. If we 
apply a scope at the output of the bandpass amplifier (Fig. 8-10), 
we shall see a waveform as illustrated in (A) of Fig. 8-11. Now, 
if we move the scope to the output of the (R-Y) detector, we shall 
see the demodulated waveform shown in (B) of Fig. 8-11. But, 
when we move the scope to the output of the (B-Y) detector, we 
shall see nothing on the scope screen, as shown at (C) of Fig. 8-11. 
When no vertical deflection is obtained, as in C, we commonly 
say that the detector “nulls” on the applied signal. 


(A) 


(B) 


(C) 


Fig. 8-11 (A) Appearance of an (R-Y) test signal, at output of 
bandpass amplifier in Fig. 8-10. (B) Scope pattern obtained at 
output of (R-Y) detector. (C) Scope pattern obtained at output 
of (B-Y) detector. 

Of course, the foregoing discussion assumes that the chromi- 
nance detectors work as intended—on the other hand, if trouble 
is present in either or both of the detector circuits, we might ob- 
tain a “null” in (B) of Fig. 8-11, or we might obtain a square-wave 
type of output in (C), or we might find “nulls” from both detec- 
tors, or possibly we would find square-wave outputs from both 
detectors, depending upon the type of trouble which is present. 
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This is one of the very important test procedures used in trouble- 
shooting chrominance detectors. 

You must remember to use a wide-band scope when viewing 
3.58-Mc waveforms, such as illustrated in Fig. 8-11(A). If you 
attempt to use a narrow-band scope, you will be misled because 
the 3.58-Mc portion of the signal will be either attenuated or 
“wiped out.” Scopes used in this type of test work should have 
100% response at 3.58 Mc. 

Instead of testing detector operation with a single signal, such 
as the (R-Y) signal which has been discussed, we can make use 
of a full color-bar signal, as illustrated in Fig. 8-12. As shown in 

COLOR BAR PATTERN 


oe YELLOW RED MAGENTA BLUE CYAN 


(R-Y) SIGNAL VOLTAGE 
+O.11 


(B-Y) SIGNAL VOLTAGE 
O 


Y SIGNAL 
VOLTAGE 


e) +O.11 @) 
Fig. 8-12 When incorrect colors appear in a color-bar pattern on the 
screen of the picture tube, check the waveforms from the three principal 
signal channels, to assist in localizing the trouble. Correct waveforms for 
the (R-Y), (B-Y), and Y channels are shown above. 

the diagram, one of the standard color sequences for a color-bar 
generator is: green, yellow, red, magenta, blue, and cyan. These 
are the colors which will be displayed on the screen of the color 
picture tube, if all circuits up to the picture tube are operating 
properly. 

Suppose, however, as often happens, the expected colors do not 
appear on the screen of the picture tube. In such case, we must 
signal-trace with the scope. Fig. 8-12 shows the (R-Y) waveform 
that should be observed at the output of the (R-Y) detector; 
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likewise, the (B-Y) waveform that should be observed at the out- 
put of the (B-Y) detector; and, the Y waveform that should be 
observed at the output of the Y amplifier. 

With the knowledge of the waveforms which should be ob- 
served in these principal signal channels, it becomes easy to local- 
ize trouble to a particular signal section. Voltage and resistance 
tests can then be made in that section, to close in on the faulty 
component. 

Suppose, however, that you are testing chrominance demodu- 
lators with a keyed rainbow generator. This is the other standard 
type of color-bar generator. In such case, the waveforms from the 
color channels appear as shown in Fig. 8-13. When the I de- 
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Fig. 8-13 Keyed rainbow generators are also used to check the operation 
of chrominance demodulators. These are the standard waveforms which 
should be observed at the output of various types of chrominance de- 
modulators. 


tector, e.g., is operating correctly, the 5th bar will “null.” When 
the Q detector is operating properly, the 2nd and 8th bars will 
null. In the case of an (R-Y) detector, the 6th bar should null. 
The 3rd and 9th bars should null in a (B-Y) detector test. When 
testing a (G-Y) detector, the Ist and 7th bars should null. In 
case you find nulls at incorrect bars, adjustment or trouble- 
shooting of the chrominance section is required. 

To troubleshoot and adjust the chrominance detector circuits, 
it is necessary to understand the circuit action. Fig. 8-14 shows 
a long-used pentode color-detector arrangement, commonly utiliz- 


110 . PIN-POINT COLOR-TVY TROUBLES 


COLOR - OSCILLATOR 
VOLTAGE INPUT 


DEMODULATED 


COLOR SIGNAL 
OUTPUT 


COLOR SIGNAL 
INPUT = B+ B+ 


Fig. 8-14 A 6AS6 is commonly used as a chrominance demodulator, De- 
tection is accomplished by application of the color signal voltage to one grid, 
and the color-oscillator voltage to another grid. Demodulated chrominance 
output is obtained from the plate. 


Fig. 8-15 Appearance of the 3.58-Mc_ subcarrier- 
oscillator voltage on the screen of a wide-band scope. 
(Above) At low horizontal sweep rate. (B) At high hori- 
zontal sweep rate. 
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ing a 6AS6 tube. Color signal input from the bandpass amplifier 
is applied to the control grid of the tube, and the signal can be 
checked at this point with a wide-band scope. Color-subcarrier 
voltage is applied from the subcarrier oscillator to Gs; of the de- 
tector tube. The presence or absence of subcarrier voltage can 
be checked with a scope, and if present, a pattern such as shown 
in Fig. 8-15 is obtained. If the scope is calibrated in terms of 
peak-to-peak voltage, the value of the signal can be checked 
against the published value in the receiver service notes. 

The presence or absence of subcarrier voltage can also be 
checked with a signal-tracing probe and voltmeter, as illustrated 
in Fig. 8-16. The indication obtained will depend on whether a 
peak-reading or a peak-to-peak reading probe is used. A VIVM 
is preferred to a VOM, because circuit loading is much less with 
the former instrument, and more accurate measurements can be 
made. 


Fig. 8-16 Test of subcarrier injection voltage to 
chrominance detectors with a signal-tracing probe and 
voltmeter. 


Another chrominance-detector arrangement, employing a duo- 
diode tube, is shown in Fig. 8-17. This a balanced-detector ar- 
rangement, in which the subcarrier-oscillator voltage is applied 
to a cathode and plate, as shown; the chrominance-input signal is 
applied in opposing phases to the other grid and plate. 

Note that the chrominance demodulator in Fig. 8-17 is followed 
by a 3.58-Mc filter, and an amplifier. This is a common arrange- 
ment known as low-level demodulation—i.e., the demodulated 
color signal is amplified before application to the color picture 
tube. The purpose of the 3.58-Mc filter is to remove any feed- 
through 3.58-Mc voltage from the drive voltage to the amplifier, 
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and thereby to avoid possible overload from the feed-through 
voltage. 

Because this arrangement is a balanced demodulator, VTVM 
tests made as shown in Fig. 8-18 are valuable in trouble analysis. 
Note that equal voltages should be obtained at the indicated test 
points, in the absence of signal-input to the receiver. However, 
these voltages are opposite in polarity. Because of demodulator 
adjustments, the exact value of the measured voltage may vary, 
as shown for the (B-Y) demodulator, but in any case, the (B-Y) 
voltages must be equal. 
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Fig. 8-17 A balanced duo-diode chrominance demodulator is used in some 
color television receivers. | 

Fig. 8-19 shows the basic circuit arrangement for a bootstrap 
-~ demodulator. Two triodes are used, with a common cathode cir- 
cuit for matrixing (G-Y) from (R-Y) and (B-Y) signals. Sub- 
carrier voltages at 13° and at 76.5° are applied to the grids of the 
triodes (see Fig. 8-9). The color-signal input from the bandpass 
amplifier is applied via separate transformer windings to the 
plates of the triodes. Demodulated chrominance signal outputs 
are obtained from both plates, and from the common cathodes, as 
shown in the diagram. 

This is a high-level type of chrominance demodulating system, 
and the three chrominance signals are applied directly to the 
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Fig. 8-18 Tests of a balanced duo-diode chrominance 
demodulator arrangement with a VTVM. Incorrect read- 
ings point to corresponding circuit trouble. 
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Fig. 8-19 The bootstrap chrominance demodulation system operates at 
high signal level, and is called a high-level detector arrangement. Outputs 
are applied directly to the color picture tube. 


color picture tube. Note that in any of the circuits which have 
been described, the basic null tests apply throughout. Thus: 

An (R-Y) channel nulls on a (B-Y) test signal. 

A (B-Y) channel nulls on an (R-Y) test signal. 

An I channel nulls on a Q signal. 

A Q channel nulls on an I signal. 

A (G-Y) channel nulls on a (G-Y)/90° signal. 

It is of no importance whether the test signals are positive or 
negative. Some color-signal generators provide an (R-Y) test sig- 
nal in positive polarity, while others provide the (R-Y) test signal 
in negative polarity—in either case, a null will be obtained from 
a (B-Y) detector, if the detector is operating properly. 

The color-TV technician should understand a (G-Y)/90° signal 
has the same relation to (G-Y) as a Q signal has to an I signal, or 
that a (B-Y) signal has to an (R-Y) signal. In other words, a 
(G-Y) chrominance detector should null on a (G-Y)/90° test 
signal. Of course, an I detector, or a (B-Y) detector will not null 
on a (G-Y)/90° test signal, because there is not a 90° relation 
present. . 

The following numbered paragraphs refer to similar numbers 
in Table 8-1: 

1 When the color-subcarrier oscillator is inoperative for any 
reason, no 3.58-Mc subcarrier signal is injected into either of the 
chrominance detectors. This failure causes the detectors to be- 
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come inoperative, and no signals can be passed by the chromi- 
nance channels. Black-and-white reception takes place as usual, 
but there is no color in the picture. For details of color-subcarrier 
oscillator circuit operation, see “Color Subcarrier Oscillator” in 
the index. 

2 When the color-subcarrier oscillator is intermittent, color 
will be present or absent in the picture at various times, depend- 
ing upon whether the oscillator is operating at the time. 

3 If the output from the color-subcarrier oscillator is weak, the 
output from the chrominance demodulators also becomes weak- 
ened, with the result that reproduced colors appear weak and 
washed out. Furthermore, incorrect hues are sometimes observed 
when the color-subcarrier oscillator is weak. The pentode type of 
color detector is least suspectible to this form of color distortion. 
4 An (R-Y) demodulator can become inoperative due to tube 
failure, loss of plate voltage in the case of a pentode demodulator, 
a leaky coupling capacitor to the following amplifier, or a defec- 
tive winding in the quadrature transformer. In the case of duo- 
diode demodulators, operating failure can result from shorted, 
open, or leaky coupling capacitors, open load resistors, or open 
peaking coils. A defective winding in the quadrature transformer 
can also be responsible. When the (R-Y) demodulator alone fails, 
the red hues are missing from the color signal output, and reds 
are absent from the picture. Moreover, in the case of d-c coupled 
circuits from chrominance detectors to picture tube, background 
raster disturbance also takes place—depending upon circuit de- 
tails, the raster becomes tinted with red or with cyan. 

5 The output from the (R-Y) demodulator can become too 
great because of misadjustment of the chrominance gain controls 
(not provided in all receivers), or from circuit faults such as in- 
creased values of load resistors. In such case, picture hues are in- 
correct, and the reds are too intense. Make circuit checks with a 
color-bar generator and scope, to localize the trouble. 

6 In case the output from the (R-Y) demodulator becomes 
too weak, due to misadjustment of the chrominance gain controls, 
or because of circuit faults such as load resistors which are too 
small in value, picture hues are incorrect and the red hues will 
be weakened. As above, circuit checks should be made with a 
color-bar generator and scope. Waveform checks will show the 
circuit section which is at fault. 

7, 8,9 The same circuit actions discussed for the (R-Y) de- 
modulator apply to the (B-Y) demodulator except that the hues 
affected are different, as noted in the table. | 
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10, 11, 12 As above, the same circuit actions discussed for the 
(R-Y) demodulator apply to the (G-Y) demodulator, except that 
the hues affected are different, as noted in the table. 

13. When the I demodulator is inoperative, due to tube or com- 
ponent failure, the hues in the picture become incorrect, with 
orange and cyan missing. Note that raster tinting is not caused 
by this type of detector failure, because an I detector is always 
a-c coupled to the picture tube. 

14 The output from the I demodulator may be excessive due to 
an incorrect setting of the I gain control (a service control pro- 
vided in most IQ receivers). Excessive output can also result 
from circuit faults, such as increase in the value of the plate load 
resistor. The orange and cyan hues become too intense, so that 
the green and magenta hues are weakened in the picture by com- 
parison. A color-bar generator and scope provide quick tests. 

15. Weak output from the I demodulator causes the orange and 
cyan hues to appear weak, with the green and magenta hues too 
intense by comparison. Misadjustment of the I gain control, faults 
in the I-channel delay network, or lowered values of plate load 
resistors are common causes of weak output. 

16, 17, 18 The same circuit actions discussed for the I demodu- 
lator above apply to the Q demodulator circuit. The only dif- 
ference is in the hues which are affected, as noted in the table. 
19 When the bootstrap demodulator becomes inoperative, all 
color disappears from the picture since the color signal is not 
passed. However, in many receivers, the raster will become tinted 
as noted in the table, due to disturbance of the d-c voltage dis- 
tribution in d-c coupled output systems. Voltage and resistance 
checks are usually the most practical troubleshooting approach 
when these symptoms are observed. 

20 The bootstrap demodulator can become unbalanced when 
the emission drops off in one of the triode tubes, or when changed 
resistor values or leaky capacitors cause disturbance of the plate 
voltages or grid biases. Incorrect colors are reproduced as a re- 
sult of the unbalance, and almost all possible incorrect combina- 
tions can occur. In many cases, the raster will also show color 
tinting. 

21 When one-half of the bootstrap demodulator system becomes 
dead, due to tube failure or to circuit faults which cause failure 
of detector action, hues are incorrect in the picture, and due to 
the complex interactions of this detector system, the exact nature 
of hue distortions are difficult to predict or to catalog. The raster 
is usually tinted as a companion symptom. 
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22 A dead cathode circuit in a bootstrap demodulator kills the 
green chrominance signal to the picture tube. In most cases, the 
detector continues to function, although the reds and blues are 
upset and become mixed. Raster tinting is usually an accompany- 
ing symptom in most receivers. 

23 <A misaligned quadrature (or phasing) transformer results 
simply in reproduction of incorrect hues. The slugs in the trans- 
former must be adjusted for accurate nulls on quadrature test 
signals from a color-bar generator. Although the screen of the 
picture tube can be used as an indicator, much more accurate 
adjustment is obtained by applying a scope at the output of the 
chroma detector associated with the transformer winding which 
is being adjusted. | 

24 When the primary of the quadrature (or phasing) trans- 
former is open or shorted, no chrominance signal is applied to 
the chrominance detectors. The receiver reproduces black-and- 
white pictures, but no color. An ohmmeter check is quick and 
effective. 

25 When a fault occurs (such as shorted turns) in one sec- 
ondary winding of the quadrature transformer, hues are repro- 
duced incorrectly. The symptoms of color distortion vary widely, 
due to interaction of the faulty winding with the other windings 
on the transformer. A test with a color-bar generator and scope, 
with attempted alignment of the transformer will show up this 
defect. 

26 Avshorted peaking coil in the output circuit of a chrominance 
demodulator reduces the bandwidth of the stage, and also permits 
excessive feedthrough of 3.58-Mc subcarrier voltage in many 
cases. The result is a smeary color output from the particular 
chrominance detector, with occasional overload of the following 
amplifier (when used) which causes a muddying of the color. 
An ohmmeter check is ok. 

27 An open peaking coil stops passage of the associated chromi- 
nance signal, and often produces raster tinting due to upset of 
d-c voltage distribution. An ohmmeter check is advised. 

28 The peaking coil will not be too small unless an incorrect 
replacement has been made. However, shorted turns in a peaking 
coil will produce the same effect as too small a coil. The symptoms 
are smeary colors, and sometimes muddying of the colors. 

29 Peaking coils which are too large are the result of incorrect 
replacements. The bandpass of the output circuit is disturbed, 
with a tendency to cause color smear and vertical lines of spuri- 
ous color in the picture. 
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Note on Hum Voltage in Chroma Demodulators 


When chroma demodulators operate with cathodes above 
ground, heater-cathode leakage in a demodulator tube can cause 
color hum bars in the picture. For example, hum in an I demodu- 
lator channel causes orange and cyan hum bars to appear hori- 
zontally in the picture. The hum bars are present during both 
color and black-and-white reception. , 

Hum in a Q demodulator channel causes green and magenta 
hum bars to appear horizontally in the picture. In an (R-Y) 
demodulator channel, hum causes the appearance of red and blue- 
green hum bars. In a (B-Y) demodulator channel, the hum bars 
produced are blue and greenish yellow. Hum in a (G-Y) demodu- 
lator channel produces green and blue-red hum bars. 

When a color-bar pattern is displayed on the screen, hum in 
demodulator channels causes all colors to be incorrect. The colors 
change in hue from top to bottom of the screen. The changing 
color is caused by the combination of the true bar colors with 
the false hum-bar colors. 


Section 9 


MATRICES 


LIKE the bandpass amplifier and the chrominance demodulators, 
the matrix sections are utilized only in color-TV receivers; the 
counterpart of the matrix is not found in black-and-white re- 
ceivers. A matrix has a certain similarity to an audio mixer, 
although a much wider frequency range is utilized by the matrix. 

Fig. 9-1 illustrates a simple and widely used matrix arrange- 
ment. The important points with which we are concerned are: 

1. The luminance or Y signal is applied to all three cathodes of 
the color picture tube. When the cathodes are driven by a 
video signal, a black-and-white picture is displayed on the 
screen of the color picture tube. 

2. The output signal from the (R-Y) detector (a video-fre- 
quency output) is applied to the red grid of the color picture 
tube. When the red grid is driven, a red hue is displayed on 
the screen. 

3. The output signal from the (B-Y) detector is applied to the 
blue grid. When the blue grid is driven, a blue hue is dis- 
played on the screen. 

4. Green-grid drive signal (the G-Y signal) is obtained at the 
receiver by compounding (R-Y) and (B-Y) in the (G-Y) 
matrix. The output from the (G-Y) matrix is applied to the 
green grid. When the green grid is driven, a green hue is dis- 
played on the screen. 

The (R-Y) and (B-Y) signals are chrominance signals, and 
hence the (G-Y) matrix is called a chrominance matrix. Note in 
Fig. 9-1 that both luminance and chrominance signals are com- 
bined in the color picture tube—the picture tube is utilized as a 
luminance-and-chrominance matrix. 

Why is it that a black-and-white picture is displayed on the 
picture-tube screen when the cathodes are driven? It is because 
white (or grays) are comprised of red + blue+ green hues; 
when the cathodes are driven, all three electron guns are driven 
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equally, and hence produce various shades of gray. When driven 
to full output, the red, green, and blue guns produce a white 
screen. 

And, why do we observe a red hue when the cathodes are 
driven by the Y signal, and the red grid is driven by the output 
from the (R-Y) detector? It is because the red gun provides more 
beam current when both grid and cathode are driven. More beam 
current from the red gun means an excess of red in the screen 
display, with the result that we then observe a red tint on the 
screen. | 
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Fig. 9-1 Matrix arrangement for a color-TV receiver. The G-Y matrix is 
a chrominance matrix. The color picture tube is a luminance-and-chrominance 
matrix. 


Furthermore, how is a saturated red hue displayed on the 
screen? When a color signal representing a saturated red hue is 
processed by the receiver circuits; the signal appears on the 
screen of a wide-band scope as shown in Fig. 9-2. The important 
point to observe here is that the red signal has two components, 
viz., a luminance (Y) component, and a chrominance (3.58-Mc) 
component. The chrominance component is combined with (super- 
imposed on) the luminance component and we see the 3.58-Mc 
voltage centered on the top of the luminance voltage. 

This color signal shown in Fig. 9-2 will produce a saturated red 
color on the screen of the picture tube, but the phase of the 
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3.98-Mc component is not exactly the (R-Y) phase. Instead, the 
phase of the chrominance voltage is 12.5° away from (R-Y), as 
also illustrated in Fig. 9-2. Just why (R-Y) and red do not have 
the same phase will become apparent as we analyze the opera- 
tion of the matrix. 


RED R-Y 
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OF RED 
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100% SATURATED RED COLOR SIGNAL 


Fig. 9-2 (Right) The color signal corresponding to a 100% saturated red 
hue. (Left) The phase of the chrominance signal for saturated red differs 
from the (R-Y) phase by 12.5°. 


When the color signal for saturated red (shown in Fig. 9-2) is 
processed by the receiver circuits, the luminance component is 
split away from the chrominance component. The Y signal ends 
up on the cathodes of the color picture tube, and the chrominance 
signal is applied to the inputs of the (R-Y) and (B-Y) detectors. 
A little arithmetic is very helpful at this point: 

The proportions of the color signal for red are— 


Y = 30% 
(R-Y) = 10% 
(B-Y) = —30% 
(G-Y) = —30% 


When these positive and negative signals are applied to the 
color picture tube (Fig. 9-1), we see that the Y signal and the 
(R-Y) signal add up to 100% output for the red gun. The Y sig- 
nal and the (B-Y) signal cancel, so that we have zero output 
from the blue gun. The Y signal and the (G-Y) signal cancel, so 
that we have zero output from the green gun. The end result is 
that we have the red gun operating at maximum, with no output 
from the blue and green guns, or, we produce a 100% saturated 
red hue on the screen of the picture tube. 

How does the (G-Y) matrix form the (G-Y) signal from the 
(R-Y) and (B-Y) signals? This process can be seen from Fig. 9-3. 
The (G-Y) matrix is arranged to combine —0.51 of (R-Y) with 
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—0.19 of (B-Y); this mixture of (R-Y) and (B-Y) produces 
(G-Y). Note in Fig. 9-3 that the (G-Y) matrix is driven from the 
outputs of the (R-Y) and (B-Y) amplifiers. Since a stage of video 
amplification inverts a signal, a positive output from the (R-Y) 
detector appears as a negative (R-Y) output from the (R-Y) am- 
plifier. Likewise, a positive output from the (B-Y) detector ap- 
pears as a negative (B-Y) output from the (B-Y) amplifier. Thus, 
negative chrominance signals are fed to the (G-Y) matrix, as 
called for by the arithmetical proportions noted above. 
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Fig. 9-3 Typical circuit arrangement for a (G-Y) matrix. The matrix forms 
the (G-Y) signal by combining —0.51 of the (R-Y) signal with —0.19 of 
the (B-Y) signal. 


To illustrate how the (G-Y) matrix operates on the saturated 
red signal discussed above, note the following points: 
Saturated red is transmitted as— 


Y = 0.30 
(R-Y) = 0.70 
(B-Y) = —0.30 


The (G-Y) matrix combines —0.51(R-Y) with —0.19(B-Y), 
or— 
(G-Y)=(—0.51 x 0.70) + (—0.19 & —0.3) = —0.357-+-0.057= —0.3 
Now it is apparent why red and (R-Y) have different phases. A 
red signal is composed of both luminance and chrominance sig- 
nals, and the phase of the chrominance signal must be such as to 
cancel out the luminance signal on the blue and green guns. The 
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seeming complication is a requirement for compatible operation 
of black-and-white and color-TV receivers, whereby the same 
transmission is utilized by both types of receivers. 

With this preliminary explanation of matrix operation, let us 
proceed to observe how the (G-Y) matrix shown in Fig. 9-3 can 
be tested for proper operation. The most convenient test is made 
with the aid of a color-bar generator which provides a (G-Y) /90° 
signal. This signal is illustrated in Fig. 9-4, from which it is ob- 


+(6-Y) 20° -(6-Y) 


+(6-Y) -(6-Y) (20° 


Fig. 9-4 Phase diagram for (G-Y) and (G-Y)/90° signals. A (G-Y) matrix 
produces maximum output on a +(G-Y) signal, but produces zero output on 


a +(G-Y)/90° signal. 


served that a (G-Y)/90° signal is in quadrature with a (G-Y) 
signal. That is, (G-Y)/90° bears the same relationship to (G-Y) as 
(R-Y) bears to (B-Y), or that I bears to Q. A (G-Y) matrix 
should null when a (G-Y)/90° signal is applied to the chromi- 
nance circuits. — 

A keyed rainbow generator can be used in this test, if a NTSC 
color-bar generator with (G-Y)/90° output is not available. Fig. 
9-5 shows the pattern which should be observed at the output of 
a (G-Y) matrix with a scope, when a keyed rainbow test signal 
is applied to the chrominance circuits. Note that nulls are ob- 
tained on the first and on the seventh bars. If nulls are not 
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Fig. 9-5 Null points on keyed rainbow pattern for correct operation of a 
(G-Y) matrix. First and seventh bars should null, as shown. 


obtained, as shown, it is indicated that the (G-Y) matrix is not 
operating correctly. 
It is important to keep the following points in mind; viz.: 
1. A +(G-Y) signal produces maximum positive output from 
the (G-Y matrix. 
2. A —(G-Y) signal produces maximum negative output from 
the (G-Y) matrix. 
3. A +(G-Y)/90° signal produces zero output from the (G-Y) 
matrix. —_ 
4. A —(G-Y)/90° signal produces zero output from the (G-Y) 
matrix. 
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Fig. 9-6 A few color-TV receivers utilize (R-Y) and (B-Y) detectors, fol- 
lowed by a (G-Y) matrix and RGB matrices. The RGB matrices perform the 
same functions as the grid-cathode circuits of the color picture tube shown 
in Fig. 9-1. 
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You will also encounter some more complex types of matrices 
in some color-TV receivers. Fig. 9-6 shows a (G-Y) matrix, such 
as has been described, followed by what is called an RGB matrix. 
This RGB matrix is an arrangement of resistors which combines 
the chrominance and luminance signals. When an RGB matrix 
is used in a receiver, the three grids of the color picture tube are 
driven, as indicated in Fig. 9-6, but the cathodes of the picture 
tube are not driven. 

You will perceive that the RGB matrix system shown in Fig. 
9-6 performs exactly the same job as the grid-cathode system of 
the color picture tube in Fig. 9-1. The reason that we find few 
RGB matrices in present-day receivers is that the color picture 
tube can do the luminance-chrominance matrixing job as well as 
a separate matrix, and receiver cost is lessened by eliminating 
the RGB matrix. _ 

Another complex type of matrix encountered in some color-TV 
receivers is the IQ-RGB system, illustrated in Fig. 9-7. In this 
arrangement, I and Q color detectors are followed by phase in- 
verters to obtain both +I and +Q output signals. These I and Q 
signals are then matrixed with the Y signal in an RGB matrix, 
and applied to the three grids of the color picture tube. The 
cathodes of the picture tube are not driven in the IQ-RGB system. 

The circuit arrangement for the RGB matrices is fundamentally 
the same as that for a (G-Y) matrix, shown in Fig. 9-3. That is, 
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Fig. 9-7 Another type of complex matrix encountered in some color-TV 
receivers is the IQ detection system followed by phase inverters and RGB 
matrices. 
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Fig. 9-8 Typical output signals obtained from a matrix, 
using an unkeyed rainbow test signal. The various patterns 
show the effect of adjusting the color-phasing control. 
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the matrix is comprised of resistors having values which serve 
to mix the chrominance and luminance signals in the required 
proportions. You will find that the values of the resistors used 
in a matrix are somewhat critical, and when a matrix fails to 
null on a test signal, as described previously, attention should first 
be turned to the resistor values. 

We have seen the type of pattern (Fig. 9-5) which is obtained 
when a matrix is checked with a signal from a keyed rainbow 
generator. If an unkeyed rainbow signal is utilized, a basic sine- 
wave pattern is obtained, as shown in Fig. 9-8. The pulse which 
is superimposed upon the sine wave is the boost pulse from the 
bandpass amplifier. Note that some receivers utilize a blanking 
pulse instead of a boost pulse to key the circuits ahead of the 
color demodulators. In such case, the sine-wave patterns shown 
in Fig. 9-8 will have a notch instead of a pip to mark the blanking 
interval. 

As the color-phasing control is turned, the pip slides along the 
sine wave, and will occupy almost any position. Hence, if we are 
to use the pip as an indicator of matrix action, the color-phasing 
control must be adjusted properly. The best procedure is to ad- 
just the color-phasing control for proper nulls from the color 
demodulators, as explained in Chapter 8. Then, check the null 
obtained from the matrix. If the matrix is operating correctly, 
the pip will mark a null on the sine wave corresponding exactly 
to the null shown in Fig. 9-5. 

Note that it is possible to overload the receiver circuits in mak- 
ing tests of this type. Such overload in a matrix check with a 
rainbow signal shows up as a flattening of the sine-wave pattern, 
as illustrated in Fig. 9-9. The service technician must be on guard 


Fig. 9-9 Flattening of pattern, resulting from overloading 
of the chrominance circuits in test of matrix action. 
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against overload situations of this type, since the patterns will 
otherwise be very misleading. 

The typical appearance of (G-Y) and (G-Y)/90° test signals on 
the screen of a color picture tube is illustrated in Fig. 9-10. The 
(G-Y) signal appears green, while the (G-Y)/90° signal appears 
yellow-orange. A —(G-Y) signal (provided by some color-bar 
generators), appears magenta, while a —(G-Y)/90° signal ap- 
pears greenish-blue. Incorrect matrix operation, of course, causes 
these hues to appear incorrectly. However, practical experience 
proves that a scope is the most accurate tool for checks of matrix 
operation. The screen of the picture tube is a rather vague indi- 
cator of matrix response. 


Fig. 9-10 (Above) Typical display of a (G-Y) chromi- 
nance test signal on the screen of a color picture tube. 
(Below) Simultaneous display of (G-Y) and (G-Y)/90° 


chrominance signals. 
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When testing the IQ-RGB type of matrix (Fig. 9-7) the relative 
Y and chrominance voltages can be checked easily with a scope. 
If you utilize a keyed rainbow pattern, first make certain that the 
generator is adjusted so that the peak-to-peak voltage of the sync 
pulse is equal to the peak-to-peak voltage of the chrominance 
bursts. Then, the waveform obtained from the output of the blue 
matrix (blue grid of the picture tube), should appear as shown 
in Fig. 9-11. The height of the sync pulse sibieael be equal to the 
height of the sixth chroma bar. 


~ GHROMINANGCE 


SYNC 


Fig. 9-11 Keyed rainbow pattern, showing correct relative levels of Y and 
chrominance voltages at the output of a blue matrix. 


Testing of the IQ-RGB type of matrix is very straightforward 
when an NTSC color-bar generator providing 100% saturated 
primary colors is used. With this type of generator, a red bar 
signal should produce full output from the red matrix, but zero 
output from the blue matrix and from the green matrix. Like- 
wise a blue bar signal should produce full output from the blue 
matrix, but zero output from the red matrix and the green ma- 
trix. A green bar signal should produce full output from the 
green matrix, but zero output from the red matrix and the blue 
matrix. 


Characteristics of the 100% Saturated Color-Bar Signal 


Previous mention has been made of unadjusted and readjusted 
chrominance values. With respect to an NTSC color-bar pattern 
for 100% saturated colors, the relationship between unadjusted 
and readjusted values is given in Fig. 9-12. The unadjusted values 
are those utilized by the color picture tube. The readjusted values 
are those utilized by the chrominance detectors. The difference 
between the readjusted and unadjusted values is obtained by 
suitable proportioning of the chrominance-channel gains between 
the color detectors and the picture tube. 

The Y signal is unchanged from the unadjusted to the re- 
adjusted signal. The reason for leaving the Y signal unchanged 
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* Not in all receivers—see text. 
OQ= a combination symptom, requiring two weak tubes in the section. 
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in the color signal is to realize compatibility of operation for 
black-and-white and color-TV receivers. 

Note that 100% saturated colors produce a chrominance over- 
shoot of as much as 79% when unadjusted values are used. Since 
this situation would cause intolerable overmodulation at the 
transmitter, readjusted values are used, which produce a maxi- 
mum overshoot of 33%, for 100% saturated colors. However, 
since practical programming rarely requires saturations in excess 
of 75%, this 33% overshoot is reduced in practice to zero over- 
shoot, and overmodulation is not normally encountered. 


1.79 


YELLOW 


Fig. 9-12 (Above) Unadjusted chrominance values used by the color picture 
tube to reproduce 100% saturated colors. (Below) Readjusted chrominance 
values applied to chrominance detectors by color-bar generator (or TV station 
color test pattern). 

Since 100% saturated colors produce overshoots of 33% when 
the readjusted values are used, it may be asked how service 
color-bar generators are operated which provide 100% saturated 
colors. These instruments provide a lesser percentage of Y 
modulation than a TV station transmission, so that the chromi- 
nance signal does not overmodulate the picture carrier. Although 
the signal is non-standard in this respect, the practical disad- 
vantages are negligible, and it is a definite convenience in service 
work to have 100% saturated color signals available for tests. 

The following numbered paragraphs correspond to the same 
numbers in Table 9-1 on pages 132-133. 
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1 When the (G-Y) matrix tube weakens, the picture symptoms 
depend upon the receiver circuitry. Many present-day receivers 
use d-c coupling from the (G-Y) matrix to the green grid of the 
picture tube. In such case, weakening of the tube lowers the 
plate resistance which causes the plate voltage to rise in turn— 
this causes the raster to become excessively green, because the 
green grid of the color picture tube drifts in a positive direction. 
On the other hand, in older receivers using (R-Y) and (B-Y) 
detectors, with a (G-Y) matrix, followed by RGB matrices with 
d-c restorers, weakening of the (G-Y) matrix tube produces no 
change in the raster—however, green colors are attenuated or 
eliminated from the picture. 

2 Heater-cathode leakage in a (G-Y) matrix tube produces 
green and magenta hum bars in the raster. This is in consequence 
of the abnormal rising and falling of the voltage on the green 
grid of the picture tube. At the positive peak of the hum voltage 
applied to the green grid, the raster becomes excessively green; 
at the negative peak of the hum voltage, the raster lacks suffi- 
cient green, which produces a magenta color. 

3 When the (G-Y) matrix resistors change value, incorrect pro- 
portions of (R-Y) and (B-Y) are combined in the matrix cir- 
cuit. In consequence, the (G-Y) matrix fails to null on a (G-Y) 
/90° test signal. Either spurious positive or negative output is 
present, depending upon which of the matrix resistors have 
changed value, and in which direction they have changed. The 
raster becomes tinted green or magenta, but this symptom may 
be overlooked, due to previous touch-ups of screen balance. The 
color picture, however, will show up the fault by displaying 
weak greens, or excessively strong greens, depending upon the 
particular resistors which have changed value. When greens are 
excessively strong, the tendency is to turn down the color- 
intensity control, which causes the reds and blues in the picture 
to appear weak. 

4 The plate voltage of the (G-Y) matrix tube becomes low 
when the value of the plate-load resistor increases, or when the 
value of a matrix resistor changes in a direction to lower the 
bias on the grid of the tube. Although the background becomes 
tinted magenta when this fault occurs, the tinting will usually 
be overlooked, due to previous touch-up of the screen balance. 
(Raster becomes tinted only when d-c coupling is used, however.) 
The chief symptom is in picture reproduction, wherein greens 
are unduly attenuated or accented in the picture, depending upon 
the particular resistor which has changed value. The (G-Y) 
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matrix will not null on a (G-Y)/90° signal when this type of 
fault is present. 

5, 6, 7 Quite a few present-day receivers utilize (G-Y) detec- 
tion and (B-Y) matrixing. Faults in the (B-Y) matrix are en- 
tirely parallel to faults in a (G-Y) matrix, except that the blue 
grid of the picture tube is affected, instead of the green grid. 
A weak (B-Y) matrix tube causes the raster to become tinted 
bright blue, and if the screen is re-balanced, the blues in the pic- 
ture will appear weak. Reds and green will appear too intense, 
by comparison, when the color-intensity control is advanced. 
Heater-cathode leakage in a (B-Y) matrix tube causes blue and 
yellow hum bars to appear in the raster. If the (B-Y) matrix 
resistors change value, the (B-Y) matrix will not null on an 
(R-Y) signal. Reproduction of blues in the picture are either 
too intense, or too weak. 

8 When RGB matrix resistors change value, there is no visible 
change in the raster, because the RGB matrices are a-c coupled 
to the picture tube. Only leaky coupling capacitors can cause 
raster tinting. However, off-value RGB matrix resistors cause 
unbalance of colors in the picture, and generally unsatisfactory 
reproduction. This fault is readily apparent when the receiver is 
driven with 100% saturated primary color bars—the outputs 
from the blue and green matrices, e.g., will not be zero when a 
red-bar signal is applied. Or, the outputs from the red and blue 
matrices will not be zero when a green-bar signal is applied. An 
ohmmeter can be used to localize the off-value resistors. 

9 When one or more of the d-c restorer tubes fail (or circuit 
faults occur), background trouble occurs in the picture. Day- 
light scenes appear too dark, and night scenes appear too light. 
Large lettering on a uniform background causes a distorted varia- 
tion in background shading. The severity of the trouble depends 
upon whether one, two, or three restorers may be defective. Color 
reproduction becomes unsatisfactory in an ill-defined manner, 
with the affected colors appearing excessively strong at times, 
and unduly weak at other times. One of the best checks is made 
with a d-c scope—lack of d-c restoration shows up as failure of 
the sync tips to clamp to a constant level; instead, the sync tips 
drift up and down the screen of the scope as the background 
illumination of the picture changes. 

10 In some receivers, the picture tube is the luminance-chromi- 
nance matrix, and the grid leads to the picture tube plug into 
sockets on the chassis of the receiver. When the grid leads are 
interchanged during receiver servicing, the fault may not be- 
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- come apparent until a color-bar pattern is displayed, or a color- 
TV station tuned in. Then, the affected colors will be reversed in 
the picture, and no adjustment of receiver controls will correct 
the situation. For example, if the red and green matrix leads 
are reversed, all red objects in the picture will appear green, and 
vice versa. 

11 When the blue gain control (provided in many receivers) is 
misadjusted, the blues will be too strong or too weak in the 
picture. The symptom may also be considered as weak reds and 
greens, or excessively strong reds and greens. The blue gain con- 
trol affects the background in d-c coupled receivers, but this 
symptom is almost sure to be overlooked, due to adjustment of 
the blue background control for a balanced screen. 

12 If the I gain control (found chiefly in the older color-TV 
receivers) is misadjusted, picture reproduction is distorted with 
either an excess of orange-cyan hues, or an excess of green- 
magenta hues, depending upon the direction of misadjustment. 
The most accurate check can be made with a color-bar generator 
and scope—a 100% saturated red bar, e.g., will fail to produce 
zero output from the blue and green matrices when the IQ 
balance control is misadjusted. 

13 Some receivers provide an (R-Y)(B-Y) gain control. Mis- 
adjustment of this control causes one or more of the primary 
colors in the picture to appear weak. When the gain control is 
misadjusted, the (G-Y) matrix will not null on a (G-Y)/90° test 
signal. an : 
14 When a peaking coil is shorted in an RGB matrix, the pic- 
ture shows a smear which also indicates the matrix section which 
is faulty. For example, a shorted peaking coil in the red matrix 
causes a noticeable red smear in the picture. 

15 If a peaking coil in an RGB matrix opens, the correspond- 
ing color is completely absent from the picture. The peaking coils 
are always connected in series with the output circuit, and an 
open coil stops passage of the signal. The background is un- 
affected, when a damping resistor is used across the peaking coil. 
But if a damping resistor is not used, the grid “floats” and the 
background becomes brightly tinted with the corresponding color, 
due to pick-up of stray fields by the floating grid. 

16 When the blue gain control is shorted, blues are reproduced 
excessively intense in an a-c coupled matrix system. In a d-c 
coupled matrix system, the blue gun is almost or completely cut 
off, so that blues are not apparent in the picture; the blue drops 
out of the background, which appears yellow. 
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17 When the blue gain control is open, no blue colors are re- 
produced in either a-c coupled or d-c coupled systems. In a d-c 
coupled matrix, however, the raster becomes tinted bright blue. 
18 A noisy blue gain control eventually leads to intermittent 
operation of the blue channel, with random color flickering. The 
same observation is true of noisy resistors in general, although 
variable controls are more apt to become noisy than are fixed 
resistors. 

19 A shorted blue background control (which usually operates 
in the grid circuit of the (B-Y) amplifier), causes excessive posi- 
tive voltage to be applied to the grid of the (B-Y) amplifier, which 
drops the plate voltage and tints the raster yellow in a d-c coupled 
system. The control is bypassed, and no impairment of the blue 
signal occurs, unless the (B-Y) grid is driven into current, which 
causes a muddying of color reproduction. In an a-c coupled 
matrix system, the blue background control is not included in 
the matrix section. 

20 An open blue background control in a d-c coupled matrix 
system causes the screen to become tinted blue, due to rise of 
plate voltage on the (B-Y) amplifier tube. The blue signal is not 
reproduced, due to stoppage of plate-current flow in the blue 
amplifier tube. In an a-c coupled matrix system, the background 
control is not located in the matrix section. 

21 A noisy blue background control causes intermittent color 
flicker. 

22, 23, 24 Background control faults in the (G-Y) matrix cir- 
cuit are parallel with similar faults in the (B-Y) channel. 

25 The I gain control causes excessively intense reproduction 
of orange-cyan hues in the picture, if it becomes shorted. The 
background is unaffected. 

26 When the I gain controls becomes open, only the Q channel 
is operative in the chrominance system, causing excessively in- 
tense reproduction of green-magenta hues in the picture. 

27 Anoisy I gain control exentually leads to random fluctuation 
and flickering of color in the picture. 

28 A pair of 3.58-Mc traps are often placed in the (R-Y) and 
(B-Y) feeds to the (G-Y) matrix tube. They prevent entry of 
subcarrier oscillator voltage to the (G-Y) matrix tube and to 
the grids of the color picture tube. Mistuning of these traps 
causes various degrees of color smear and muddying of the color 
reproduction. | 
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PICTURE TUBE INPUT 


THE picture-tube input system for a color picture tube is some- 
what more complex than for a black-and-white picture tube. 
Hence, these are separately considered in this section, with 
black-and-white first, and color second. 

When locating trouble in the picture-tube input or grid-cathode 
circuits, we are concerned chiefly with (1) the brightness con- 
trol, (2) the retrace blanking system, (3) voltage at the second 
grid, and (4) whether signals from the video amplifier are being 
applied to the cathode or to the control grid of the picture tube. 

Whether signal input, brightness, and retrace-blanking voltages 
are present at the picture-tube cathode or control grid has much 
to do with the types of symptoms which are caused by various 
faults. The following diagrams illustrate circuit arrangements 
most commonly used in present-day receivers. It is possible, how- 
ever, to combine brightness controls and retrace-blanking con- 
trols in other ways than those shown. Moreover, almost any of 
the various sources of blanking pulses may be fed to the picture- 
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Fig. 10-1 A widely used arrangement for black-and-white picture-tube input. 
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tube electrodes in combinations other than those shown, without 
affecting the general troubleshooting procedure. 

In Fig. 10-1 we see how video signals pass through coupling 
capacitor C,, to the cathode of the picture tube (pin 11). These 
picture signals must have positive-going sync pulses, because a 
positive signal on the cathode reduces the beam current in the 
picture tube. This is just the opposite situation which we have 
when the video signal is applied to the grid of the picture tube. 

The brightness control is inserted in the cathode circuit of the 
picture tube, and provides manual control of the d-c bias voltage 
to the cathode. Pulses for blanking of vertical retrace lines are 
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Fig. 10-2 Vertical retrace blanking pulses may be applied to the second 
grid of the CRT. 
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taken from the “hot” side of the vertical-deflection coils, or from 
the vertical-output transformer, and are applied through a capa- 
citor and resistor to the picture-tube control grid (pin 2). Pulses 
from the source must be negative-going, in this arrangement, in 
order to blank the beam in the picture tube. 

The control grid is maintained at ground potential by means of 
grid-leak resistor R,. It is evidently necessary that the grid of 
the picture tube not be grounded directly, or the blanking pulses 
which are applied to the grid would be short-circuited to ground, 
and the beam would not be blanked. 

In Fig. 10-2, we see a slightly different arrangement, in which 
retrace-blanking pulses from the vertical-output transformer are 
applied to the second grid (pin 10) of the picture tube. A B+ 
voltage is also applied to this grid, without which the viewing 
screen becomes dark. The resistor in series with the B+ voltage 
line prevents the blanking pulses from being practically short- 
circuited back through the power supply. 


SYNC 
POSITIVE 


SYNC 
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Fig. 10-3 Different signal polarities are required, depending upon whether 
the grid or cathode of the CRT is driven. 


Fig. 10-3 illustrates what is meant by positive-going and by 
negative-going sync pulses. Most scopes provide an upward de- 
flection of the beam when a positive voltage is applied to the 
vertical input terminals of the instrument. In such case, a posi- 
tive-going sync pulse appears on the scope screen as indicated at 
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the cathode of the picture tube in Fig. 10-3. On the other hand, 
a negative-going sync pulse appears on the scope screen as indi- 
cated at the grid of the picture tube in Fig. 10-3. 

In the arrangement shown in Fig. 10-4, the brightness control 
is in the control-grid circuit of the picture tube. In parallel with 
coupling capacitor C. is a resistor R,, which serves as a d-c voltage 
divider to provide suitable bias on the cathode of the picture 
tube. With suitable values for R. and C,, the input capacitance to 
the picture tube can be reduced, and better frequency response 
obtained from the video amplifier. However, such reduction of 
input capacitance to the picture tube is obtained at the expense 
of video signal voltage, and hence higher drive must be pro- 
vided from the video amplifier, in such case. 
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Fig. 10-4 The RC coupling arrangement, C. and R. provide lower input 
capacitance to the picture tube, and resulting better frequency response. 
However, more drive voltage is required. 

The B+ voltage goes through resistors R, ,R., and R, to ground. 
Thus, resistors R, and R, operate as a voltage divider. The por- 
tion of B+ voltage at the junction of R. and R, is applied to the 
cathode of the picture tube. 

B+ voltage is also applied through the brightness control to 
the control grid of the picture tube. Thus, both the control grid 
and the cathode are positive to ground, but the circuit resistances 
are so proportioned that the grid remains less positive than the 
cathode, or, effectively negative with respect to the cathode. 
Both cathode and grid may be fed from the same source of B+ 
voltage, as shown, or they may be obtained from separate B+ 
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sources, as long as the circuit resistances are such as to keep 
the grid less positive than the cathode. 

The retrace blanking pulses in Fig. 10-4 are obtained from the 
plate of the vertical oscillator. Pulses may be taken from any- 
where in the vertical-sweep or deflection sections where there 
is required pulse polarity and strength. Pulses may be taken from 
the vertical-deflection yoke-coil circuit or from the vertical- 
output transformer, from the plate of the vertical-amplifier tube, 
from the grid of the tube, or from the plate of the vertical oscilla- 
tor. These various pulse sources are indicated in the diagrams. 

Blanking pulses from the plate of the vertical amplifier may 
be applied to the plate circuit of the video amplifier, and thence 
to the cathode of the picture tube. In another common arrange- 
ment, shown in Fig. 10-5, the video amplifier drives the grid of 
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Fig. 10-5 A positive blanking pulse is sometimes applied to the cathode 
of the CRT. 


Fig. 10-6 Typical blanking pulse, as observed on the 
screen of an oscilloscope. 
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the picture tube, and the blanking pulse is applied in positive 
polarity to the cathode of the picture tube. (See Fig. 10.6.) 

D-C restoration is a feature usually found in the picture-tube 
input circuit, when the video amplifier is a-c coupled to the 
picture tube. However, when the video amplifier is d-c coupled 
to the picture tube, d-c restoration is not necessary. Sometimes, 
in the interest of economy, the video amplifier is a-c coupled to 
the picture tube without the aid of a d-c restorer; picture repro- 
duction in such case is somewhat impaired. | 

D-C restoration by means of a diode is shown at 1 in Fig. 10-7, 
and by means of a triode in Fig. 10-8. The cathode and grounded 
grid of the triode are utilized for restoration exactly as are the 
cathode and grounded plate of the diode. The triode plate circuit 
is utilized to provide sync pulses for the sync section of the 
receiver. You will observe that the present-day trend is toward 
circuitry to eliminate d-c restorers. 

The purpose of d-c restoration is automatic variation of the 
picture-tube control bias to maintain the black level of the video 
signal close to the voltage of beam cut-off in reproducing both 
_dark-tone and light-tone pictures. 


VIDEO AMP Cc 


PICTURE 
TUBE 


= B+ 
Bt : 


Fig. 10-7 Typical diode d-c restorer circuit. 
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Fig. 10-8 Typical triode d-c restorer circuit. 
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Video signals for light-toned pictures have greater peak-to-peak 
voltage than pictures with dark tones in the background. For 
light-toned pictures, the restorer system makes the picture-tube 
control grid slightly less negative with respect to the cathode. 
You can observe this fact by connecting a d-c VIVM from the 
control grid to the cathode of an operating picture tube, and 
watching the small voltage variations as pictures change from 
light to dark. 

The distortion in picture quality which results from failure of 
the d-c restorer is that all backgrounds are about the same gray— 
the picture tube cannot reproduce a dark black background, and 
neither can it reproduce a light white background. You will also 
observe that there are unnatural background tones surrounding 
a black object on a white background, or a white object on a 
black background, in the event of d-c restorer failure. In the 
arrangement of Fig. 10-8, the sync pulses are also interrupted by 
failure of the d-c restorer, and both horizontal and vertical syn- 
chronization is lost. 

Retrace blanking filters are important circuit arrangements 
encountered in the picture-tube input circuit. Both the duration, 
and the amplitude or strength of the retrace blanking pulses are 
determined by the values of resistors and capacitors which form 
a filter of given characteristics between the pulse source and 
the picture-tube electrode to which the pulses are applied. Fig. 
10-9 shows six common types of filters utilized in various brands 
of television receivers. 

The duration of the pulse is lengthened by using either more 
resistance or more capacitance in the filter, or on the other hand, 
may be shortened by using less resistance or capacitance. A pulse 
which lasts too long blanks the top of the picture, as well as the 
vertical retrace. On the other hand, a pulse which is too short 
leaves visible retrace lines in the picture. The duration of the 
blanking pulses is determined chiefly by the values of the fol- 
lowing resistors and capacitors: 

Diagram 1, (Fig. 10-9): R, and C,. 
Diagrams 2 and 6: C,. 

Diagram 3: R,, Ca, and Cy. 
Diagram 4: Ry, C,, and Cy. 
Diagram 5: R, and C,. 

Other resistors and capacitors in the blanking circuits affect 
chiefly the amplitude or strength of the pulses, although every 
resistor and every capacitor affects the pulse duration to some 
extent. 
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Brightness-control troubles are rather common in the picture- 
tube input system. There must be a complete conductive path 
through wiring, resistors, or chassis metal from the control grid 
to the cathode of the picture tube in order that the grid-biasing 
potential and control of brightness may be obtained. D-C biasing 
voltage and brightness-control voltage cannot operate through a 
capacitor. 

If the picture-tube control grid is not conductively connected 
to chassis ground or to B—, and thence to the cathode, the pic- 
tures will be excessively bright, with possible blooming. Defini- 
tion will be poor, and in some receivers the action of the bright- 
ness control may appear to be reversed. 

With the picture-tube cathode not conductively connected to 
chassis ground, or to B—, and thence to the control grid, the 
screen of the picture tube may remain dark, without even a 
visible raster, or, pictures will be reproduced at very low bright- 
ness levels, and the brightness control will have no effect upon 
the screen intensity. 

When the brightness control is in the picture-tube cathode 
circuit, as in Fig. 10-5, etc., a resistor is inserted in series between 
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Fig. 10-9 Typical forms of retrace blanking filters used in television receivers. 
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the cathode and the brightness-control potentiometer. The value 
of this resistor usually is 100k to 200k ohms, but is sometimes 
smaller or larger. It is easily seen that the beam current must 
flow through this resistor, which accordingly operates as a source 
of cathode bias. Brighter pictures, or stronger signals, increase 
the current through the resistor, which makes the control grid 
more effectively negative with respect to the cathode. This action 
tends to limit cathode current, and maximum screen brightness. 

The brightness control is shown in the grid circuit of the 
picture tube in Fig. 10-4. Resistor R, in series between the 
control grid and the brightness-control potentiometer prevents 
grounding-out of the retrace blanking pulses, as would be the 
case if the control grid were connected directly to ground. The 
value of R,, usually is about 100k ohms. Since the control grid 
normally remains negative with respect to the cathode, there is 
no d-c current in R,, and hence no degenerative effect. 
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Fig. 10-10 Basing connections for the 15GP22 and I15HP22 color 
picture tubes. 
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To make a test of the brightness control, connect the positive 
terminal of a high-resistance d-c voltmeter or VIVM to the 
picture-tube socket terminal No. 11, which is the cathode. Con- 
nect the negative terminal of the meter to socket terminal No. 2, 
which is the control grid. The socket may be left on the tube, or, 
can be removed if desired to eliminate the possibility of a short 
in the picture tube influencing the reading. With the socket 
removed, it is easy to make meter connections to short lengths 
of wire inserted into the socket terminals. 

The meter should be set to the 100-volt range, or higher, and 
observed as the brightness control is turned (receiver operating). 
Readings should vary from about 10 volts with the control ad- 
vanced, to 60 volts or more with the control reduced to minimum 
setting. 


Color Picture Tube Input Systems 


The color picture tube has a more complex input system than 
a black-and-white picture tube. Fig. 10-10, shows, e.g., the multi- 
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Fig. 10-11 Basing connections for the 19VP22 picture tube. 


PICTURE TUBE INPUT 149 


plicity of electrodes contained in a 15GP22 or 15HP22 picture 
tube. This is the older type of color picture tube, which is be- 
coming obsolescent. 

There is one less electrode in the 19VP22 color picture tube, as 
shown in Fig. 10-11. This is a 19-inch round tube, which is still 
in quite extensive use, although it shows signs of becoming ob- 
solescent, with the advent of large-screen rectangular tubes. 

The 21AXP22 color picture tube has the same number of elec- 
trodes as the 19VP22, as shown in Fig. 10-12. This is probably 
the most widely-used tube at the present time, although the 


ANODE 


RED 


21 AXP 22 


Fig. 10-12 Basing connections for the 21 AXP22 color tube. 


22-inch tube shows signs of making inroads on the picture-tube 
market. The screen phosphors used in the 21AXP22 tube, and 
the methods of processing utilized, provide considerably more 
screen brightness than in the preceding 19VP22. 

The 22-inch color picture tube, the 22EP22, is shown in Fig. 
10-13. Like the 21AXP22, the same number of electrodes are 
utilized as in the 19VP22. This is a rectangular type of color 
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picture tube, utilizing the latest processing techniques developed 
by the industry. 

Note the positions of the electron guns and base pins in rela- 
tion to the socket key for the 15GP22 and 15HP22 tubes, as 
shown in Fig. 10-14. Note likewise these relations for the larger- 
screen tubes, shown in Fig. 10-15; these are guide posts of con- 
siderable importance in some types of service work in the picture- 
tube input system. 
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22EP 22 
Fig. 10-13 Basing connections for the 22EP22 rectangular tube. 


It is standard practice to always mount the blue gun either 
straight up or straight down in a color-TV receiver. Note care- 
fully in Figs. 10-10 through 10-13, the indicated functions of the 
various electrodes in the color picture tubes. We observe that 
some of the grids, cathodes, and screen grids are concerned with 
the reproduction of a certain color. To interchange grids, e.g., 
which is sometimes quite easy to do in service work, results in 
reproduction of incorrect colors. 

The brightness control operates in similar fashion in both 
black-and-white and color picture tubes. Fig. 10-16, e.g., shows. 
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Fig. 10-14 Electron gun and base pin locations for the 
15GP22 and 15HP22 small-screen tubes. 


Fig. 10-15 Electron gun and base pin locations for the 

large-screen picture tubes. 
how the brightness control is often arranged in the common 
cathode circuit of a color picture tube. Note also in Fig. 10-16 
that four video signal inputs are indicated, viz.: (R-Y) to the 
red grid, (G-Y) to the green grid, (B-Y) to the blue grid, and 
Y to the cathodes. In this one respect alone, it is apparent that 
the complexity of the input system is considerably greater for a 
color picture tube than for a black-and-white picture tube. 
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As shown in Fig. 10-17, the control grid of a color picture tube 
is often called G,, while the screen grid is often called G». The 
control grids are biased negatively with respect to the cathodes, 
exactly as in a black-and-white picture tube. The screen grids 
operate at a fairly high positive voltage. In all cases, the grid 
bias and screen voltages are made adjustable, and these are im- 
portant service controls. 
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Fig. 10-16 The brightness control usually operates in the common cathode 
circuits. 

Controls such as R, in Fig. 10-17 are called background con- 
trols. Controls such as R, are called screen controls. In early 
color-TV receivers, no d-c feedback was utilized in this section 
of the input system, and screen balancing (which will be de- 
scribed in detail at a later point) was a laborious procedure. With 
the advent of feedback circuits, such as at R; in Fig. 10-17, screen 
balancing became a much easier procedure for the service tech- 
nician. 

However, brightness controls may be found upon occasion in 
the grid circuits of a color picture tube, as shown in Fig. 10-18. 
The blue and green grids have their individual background con- 
trols R, and R3, but all three grids are biased equally by the 
setting of the master brightness control R,, which is the cus- 
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Fig. 10-17 Background and screen contro! arrangement, with d-c feedback 
circuit to facilitate screen balancing. 
tomer’s brightness control. Note the details of the circuit arrange- 
ment for the screen voltages; each screen has an individual volt- 
age control, and these are service adjustments. The customer is 
not supposed to be aware of the existence of Ro, Rs, Ry, Rs, 
and Rg. 
Note also in Fig. 10-18 that only three signal inputs are utilized. 
The cathode receives d-c bias only from the circuits. The three 
control grids are individually driven by red, green, and blue 
video signals, which have been previously described in the sec- 
tion on matrixing. Because RGB input is used to the grids, 
horizontal sync pulses are present at the grids, and d-c restorers 
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may be utilized in the grid leads, as shown. Three d-c restorers 
are required, because the complete picture is composed of red, 
green, and blue signal components. 

Fig. 10-18 shows the use of shunt peaking coils in the video- 
output circuits. Shunt peaking is sometimes encountered, but 
series peaking is much more common. The d-c restorers are 
shunted by leaks, as shown, to permit the value of grid bias to 
decrease, when required by the background level of the signal. 

However, d-c restorers are not always shunted. Fig. 10-19, e.g., 
shows a seldom-used circuit in which the grid returns are open- 
circuited. In theory, this system would be inoperative, because 
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Fig. 10-18 Circuit details of the input system to a three-gun picture tube, 
using RGB signal drive to the grids. A-C coupling and triple d-c restorers are 
typical in this system. 


once the coupling capacitor charges up to a given level, this 
level would be maintained indefinitely. However, the grid bias 
does decrease when required to do so, due to the existence of a 
small amount of grid-current flow, and residual leakage resist- 
ances in the system. 

As shown in Fig. 10-19, the screen grids are sometimes called 
accelerating anodes. The focus electrode is found in all color 
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picture tubes, but the convergence electrode shown in Fig. 10-19 
is found only in the small-screen tubes. The convergence elec- 
trode is driven with a-c voltages at both horizontal and vertical 
frequency, and is also biased with d-c voltage. 

The present-day trend is to eliminate d-c restorers. Fig. 10-20 
shows one way in which this is done, by direct-coupling the video 
signal from the output of the picture detector to the cathode of 
the picture tube. This is the Y signal, and it is, of course, supple- 
mented by chrominance signals applied to the three grids of the 
picture tube. A vertical blanking pulse is applied to the cathodes 
of the picture tube from the “hot” side of the vertical deflection 
coils. 
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Fig. 10-19 A color picture tube input arrangement utilizing unshunted d-c 
‘restorers, and showing the focus and convergence electrodes. 


Fig. 10-20 also shows the use of combined series and shunt 
peaking in the input circuit for a color picture tube—this is less 
common, however, than simple series peaking. Note that a 
voltage divider is utilized between the green and blue grids of 
the color picture tube, in Fig. 10-20. This is sometimes used 
to more nearly equalize the light output from the three phosphors 
on the screen. The efficiency of the red phosphor is the least, 
and hence the red gun must be driven harder than the blue gun. 
The green gun operates in an intermediate manner, and in the 
arrangement shown in Fig. 10-20 receives the same signal volt- 
age as the blue gun. 
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It may be observed in the preceding illustrations that a red 
background control was not provided. Most receivers omit a red 
background control for the reason noted above, viz., that the 
red phosphor is the least efficient of the three, and hence the red 
gun must be operated nearly “wide open.” 

The contrast control operates in the cathode circuit of the Y 
output stage in Fig. 10-20, and hence this arrangement tends to 
influence brightness as well as contrast—the bias on the cathodes 
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Fig. 10-20 In this typical arrangement, the cathodes of the color picture 
tube are d-c coupled through to the output of the picture detector, and no 
d-c restorer is necessary. 

is influenced to some extent by the setting of the contrast con- 
trol. However, the brightness control in the cathode-return cir- 
cuit of the picture tube provides the principal variation of screen 
brightness, and has no influence on contrast. 

The terminal marked TP in Fig. 10-20 is a service test point, 
which is used to check the drive signal to the Y output stage in 
signal-tracing procedures. The d-c voltage on the grid of the 
output stage can also be checked at the test point, in the event 
of trouble. 

When d-c restorers are used, a series resistor is inserted be- 
tween the d-c restorer and the grid of the picture tube, as seen 
in Fig. 10-21. The reason for this resistor is to reduce the capaci- 
tive loading of the d-c restorer on the output of the video ampli- 
fier. If this resistor is too low in value, or shorted, the restorer 
action is not impaired, but the increased capacitance shunted 
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from the output of the video amplifier to ground greatly atten- 
uates the high frequencies in the picture. 

It is quite practical to utilize a series resistor in this manner, 
because the sync-pulse frequencies are lower than the video fre- 
quencies which carry the detail of the picture. As long as a 
reasonably good sync pulse can get through to the d-c restorer, 
it will operate as intended. The restorer operates on sync tips, 
and not on the picture signal. 

The cathode of the d-c restorer, accordingly is a convenient 
point to obtain sync, without loading the video amplifier unduly. 
Note the bypass capacitor between the background and the 
screen control circuits shown in Fig. 10-21. This capacitor pre- 
vents entry of stray a-c voltages from the screen circuits into 
the grid circuits of the color picture tube. 
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Fig. 10-21 Details of decoupling circuit between control and screen grid 
sections of picture-tube input system. 


However, you will encounter receivers in which the control 
grids are coupled to the screen grids with capacitors. This is an 
arrangement which is used to obtain more chrominance drive 
with less signal strength. A given voltage applied to the cathode 
of a color picture tube provides more screen response than the 
same voltage applied to a grid. This is only to be expected, be- 
cause the cathode drive is effective on all three guns. Hence, to 
obtain more effective utilization of the grid drives, some present- 
day receivers utilize coupling between the control grids and their 
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associated screen grids. If such a coupling capacitor opens, the 
reproduced color signal will be weakened; if the capacitor is 
leaky or shorted, the background is affected. 

You will also find input circuits to the picture tube arranged 
as shown in Fig. 10-22. The Y signal is coupled to the cathodes 
of the picture tube by means of a capacitor, with no d-c restora- 
tion. The chrominance signals, on the other hand, are d-c coupled 
to the three grids. In this arrangement, the background of the 
color signal is reproduced correctly, but the black-and-white 
portion of the background signal is somewhat impaired, as has 
been discussed previously. Hence, this is an economy receiver 
design, which reproduces picture background in an intermediate 
manner—background quality is less than in receivers using com- 
plete d-c reproduction, but, on the other hand, background qual- 
ity is better than in receivers using no d-c reproduction. 
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Fig. 10-22 Typical input circuit to a color picture tube, with a-c coupling 
to the cathodes, and d-c coupling to the grids of the picture tube. 


Troubles and Symptoms 


The following tables list possible faults in the picture-tube 
input circuits and components, and show probable symptoms as 
observed in picture reproduction. Main headings in the left-hand 
columns of the tables list types of circuits, with subheadings for 
circuit components. Following paragraphs, numbered to corre- 
spond with numbered faults in the tables, contain information 
useful in trouble location. 


PICTURE TUBE INPUT 159 


Table 10-1 
Black-and-White 
PICTURE TUBE INPUT 


Grid-Cathode Circuits 
and Brightness 


, No Pictures 


pms ee RD eee 


Resistor, cathode to pot. 
Open 


5 Too small 
6 Shorted 
BRIGHTNESS CONTROL ON GRID 


B-voltage to control pot. 
7 Zero 


8 Too little 
9 Too great 


Resistor, grid to pot. 
10 Open 


SIGNAL TO PICTURE-TUBE CATHODE 
Resistor paralleling capacitor 

12 Capacitor open 

13 Capacitor leaky, shorted 

14 Parallel R open, too great 

15 Parallel R too small 

16 Parallel R shorted 

17 Resistor to ground open 

18 Resistor to ground shorted 


No parallel resistor 
19 Capacitor open 


20 Capacitor leaky, shorted 

21 Resistor to ground open 

22 Resistor to ground shorted 

SIGNAL TO PICTURE-TUBE GRID 

23 Coupling capacitor open 

24 Coupling capacitor leaky, shorted 

25 Resistor to ground open 

26 Resistor to ground shorted 

GRID-CATHODE RETURNS 

27 Cathode return open, or poor 
connections 


28 Control grid return open or 
poor connections 
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Table 10-2 


Black-and-White 
PICTURE-TUBE INPUT 


Retrace Blanking 


. 


Retrace Lines Appear 


Brightness Excessive 
Bright Band at Top 


RETRACE BLANKING TO CONTROL GRID 


(C and R references to Fig. 10-9) 
29 Pulses absent 


30 Pulses too strong 


Series capacitor C, 
31 Open, too small 


32 Too large 
33 Leaky, shorted 


Series Resistor R, 
34 Open, too large 


Capacitor to Ground, Cy 
36 Open 


37 Too small 
38 Too large 
39 Leaky, shorted 


Resistor to Ground, Rp 
40 Open 


Le! 
= 
eae! 
Le al 
= 
| 41 Shorted isd 
Resistor, Grid-ground, R, ie 
42 Open 

[43 Shorted —is—“‘“‘iLSCis 
TRETRACE BLANKING TO CATHODE | 
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(C and R references to Fig. 10-9) 
44 Pulses absent 


45 Pulses too strong 


Series Capacitor, C, 
46 Open, too small 


47 Too large 
48 Leaky, shorted 


Series Resistor, R, 
49 Open, too large 


50 Shorted 


Capacitor to Ground, Cy 
51 Open 


52 Too small 
53 Too large 
54 Leaky, shorted 


Resistor to Ground, Rp 
55 Open 


56 Shorted 
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1, 2, 3 Zero voltage would indicate an open connection to the 
brightness-control potentiometer. Too little voltage might result 
from a series resistor which has been overheated. Too much © 
voltage would indicate a shorted resistor in series with the 
brightness-control potentiometer. The control itself may be de- 
fective, having poor contact from slider to resistance element, a 
rough element, or an open element. Connections in the bright- 
ness-control circuit may be loose, open, or shorted. 

4,5, 6 An open circuit stops the flow of beam current in the 
picture tube, while a short-circuited cathode resistor causes the 
flow of excessive beam current, resulting in a very bright raster 
but no picture. If the resistor is too small, the raster is too 
bright, and the pictures look washed out. 

7,8,9 Zero voltage indicates an open connection to the bright- 
ness control. See also the discussion for 1, 2, and 3. 

10, 11 The circuit action is evident, and does not require de- 
tailed discussion. 

12 Even with an open capacitor, some signal will go through 
the paralleled resistor. 

13. A leaky or shorted capacitor permits positive voltage from 
the plate circuit of the video amplifier to reach the picture-tube 
cathode. This makes the cathode too positive, or, it makes the 
grid too negative relatively, and reduces or cuts off the electron 
beam in the CRT. 

14 through 2'3. These conditions are readily apparent, and do 
not require «letailed explanation. 

24 A leaky or shorted capacitor permits positive voltage from 
the video-amplifier plate circuit to make the picture-tube grid 
positive with respect to the cathode. 

25, 26 These are apparent faults, not requiring detailed ex- 
planation. 

27, 28 See the earlier heading, Brightness Control Troubles. 
29, 30 Blanking pulses may be observed by connecting the 
vertical input of an oscilloscope to the picture-tube cathode or 
control grid through a low-capacitance probe. Pulses to a cathode 
or control grid usually have normal amplitudes of less than 100 
peak-to-peak volts, but pulses applied to a second grid are usually 
of greater amplitude. 

31 through 41 Refer to the earlier heading, Retrace Blanking 
Filters. As observed with a scope and low-capacitance probe, a 
satisfactory retrace blanking pulse may be only one-fifth as wide 
as a vertical blanking interval. Peak, or peak-to-peak pulse am- 
plitude, when applied to the picture-tube cathode or control 
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Table 10-3 


Black-and-White 
PICTURE-TUBE INPUT 


Retrace Blanking 
D-C Restoration 


Brightness Excessive 
Brightness Lacking 
Contrast Excessive 
Definition Poor 
Raster, No Pictures 
Retrace Lines Appear 
Sync Critical 


RETRACE BLANKING TO 2nd GRID 
(C and R references to Fig. 10-9) 


Series Capacitor, C, 
57 Open, too small 


58 Leaky, shorted 


Resistor to B+, R, 
59 Open 


60 Too small, shorted 


Resistor to Ground, R, 
61 Open 
62 Too small, shorted 
D-C RESTORATION 


63 Tube weak 


68 Resistor R, shorted 


grid, need be only about half the peak or peak-to-peak amplitude 
of the composite video signal from sync-pulse tips to maximum 
white. Blanking pulses applied to the second grid of the CRT 
must have peak amplitudes several times that of the composite 
signal peak-to-peak voltage. 

42, 43 These are apparent faults, not requiring detailed dis- 
cussion. 

44,45 (See 29, 30.) 

46 through 56 (See 31 through 41.) 

57 through 68 These are apparent faults, not requiring detailed 
discussion. 

69 When the coupling capacitor to the cathodes of a color 
picture tube becomes leaky, too much B+ voltage is applied to 
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Table 10-4 


Color 
PICTURE-TUBE INPUT 


69 Coupling capacitor to 
cathodes leaky 

70 Bypass capacitor to bright- 
ness pot shorted 

71 Brightness potentiometer 
open 

72 Brightness potentiometer 
shorted 

73 Brightness potentiometer 
noisy 


78 Feedback control shorted 


79 Feedback control noisy 

80 Coupling capacitor to 
CRT grid leaky 

81 Background potentiome- 
ter open 

82 Background potentiometer 
shorted 

83 Background potentiometer 
noisy 

84 Video output peaking 
coil open 

85 Video output peaking 
coil shorted 

86 Resistor between cathodes 
open 

87 Bypass capacitor from d-c 
restorer to ground shorted 

88 Grid leads of picture tube 


plugged into wrong re- 
ceptacle terminals 


89 Output tube weak 


Flickering Colors 


Fluctuating Or 
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91 Background control by- 
pass capacitor leaky or 
shorted 
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* Depends upon circumstances—see text. 
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the cathode; this excess bias weakens or cuts off the beam in the 
picture tube. 

70 When the bypass capacitor to the brightness capacitor (see 
Fig. 10-16) becomes shorted, no B+ voltage is applied to the 
cathodes of the picture tube and the screen becomes excessively 
bright. In extreme cases, the picture may bloom and lose focus, 
which can damage the picture tube. 

71 When the brightness potentiometer (Fig. 10-16) opens up, as 
sometimes happens with wire-wound units, the symptom will de- 
pend upon which side of the break the arm rests at; on the B+ 
side of the break, the screen of the picture tube becomes dark; 
on the ground side of the break, the picture becomes excessively 
bright, as in 70. 

72 If the brightness control (Fig. 10-16) becomes shorted, the 
picture becomes excessively bright as in 70, and no control of 
brightness is obtained. 

73 A noisy brightness potentiometer does not provide smooth 
control of the bias, and eventually leads to flickering or fluctuat- 
ing screen brightness. 

74 An open screen control causes a missing color field on the 
picture tube, because insufficient accelerating voltage is provided 
for the electron beam. Only the affected electron gun produces 
picture symptoms. 

75 When a screen control is shorted, the affected color be- 
comes too intense, and no control of beam intensity is possible 
with the screen control. The background control for that gun 
usually becomes ineffective also, due to excessive attraction of 
the screen for the electrons. 

76 A noisy screen control causes uneven adjustment, and 
will eventually lead to flickering and. fluctuating color repro- 
duction. 

77 An open feedback control (see Fig. 10-17) results in either 
an excessively bright color field, or may cause a weak or absent 
color field for the affected gun, due to rise or fall of the value 
of positive voltage applied to the grid. (See 71.) 

78 Short-circuiting of the feedback control produces an absent 
color field for the affected gun, because the grid is brought nearer 
to ground potential than normal. 

79 A noisy feedback control results in flickering or fluctuating 
color on the screen of the picture tube. 

80 If a coupling capacitor to the grid of the color picture tube 
becomes leaky, the grid is biased abnormally positive, causing the 
associated color field to become too intense. 
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81 When a background potentiometer opens up (see Fig. 10-22), 
the plate voltage of the amplifier tube increases, which causes the 
associated color field to become too bright. 

82 Short-circuiting of a background control (Fig. 10-22) causes 
the associated color to be absent from the picture. 

83 (See 76.) 

84 A considerable variety of symptoms are caused by an open 
peaking coil. In Fig. 10-20, an open in the shunt peaking coil 
causes the raster to become excessively bright. An open series 
peaking coil causes a smeary picture, the low video frequencies 
finding their way to the cathode through the shunt damping re- 
sistor. In Fig. 10-18, an open blue video peaking coil, e.g., does 
not affect the raster, but causes the blue signal to be absent from 
the picture. In Fig. 10-22, an open series peaking coil in the red 
grid lead causes the red signal to smear, but an open peaking 
cail in the blue grid lead causes the blue signal to be absent, and 
the blue raster to become excessively bright. The difference is 
due to the presence or absence of the damping resistor across 
the coil. 

85 A shorted peaking coil causes smeary color reproduction, 
due to subnormal bandpass. The color affected depends upon 
which coil becomes shorted. If the peaking coil in the Y amplifier 
becomes shorted, the entire picture appears smeared. 

86 In Fig. 10-20, an open circuit in one of the resistors between 
the cathodes of the color picture results in an excessively bright 
blue or green field, or both. The colors are not reproduced cor- 
rectly, due to failure of the Y signal to pass beyond the open 
resistor. 

87 <A shorted bypass capacitor from a d-c restorer to ground 
(see Fig. 10-21), upsets the color balance on the screen causing 
one or more colors to be over-intense or absent, depending upon 
which restorer circuit is faulty. 

88 When the grid leads of the color picture tube are plugged 
into incorrect receptacle terminals, the color reproduction is 
“mixed up,” although the raster may appear normal for black- 
and-white picture reception. 

89 When an output tube becomes weak (see Fig. 10-22), the 
associated color field in a d-c coupled input system will become 
excessively bright. However, in an a-c coupled system (Fig. 
10-18), the color field is unaffected, but the associated color is 
absent from the color picture reproduction. 

90 An open resistor from the cathodes of the picture tube to 
B+ (see Fig. 10-22), causes the picture tube to bloom and lose 
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focus, with the raster becoming either excessively bright, or 
sometimes dark due to overload of the high-voltage power 
supply. 

91 A leaky or shorted background bypass capacitor (see Fig. 
10-22), causes its associated color field to be absent from the 


screen display. 


Section 11 


THE PICTURE TUBE 
(Black-and-White) 


PICTURE tube elements and accessories with which we now 
are concerned are shown by Fig. 11-1. The cathode (pin 11), 
the control grid (pin 2) and the second grid, first anode or ac- 
celerating grid (pin 10) are found in all tubes. 

~ The widely used method of applying video signals to the pic- 
ture tube cathode is referred to as cathode drive. The less used 


method of applying video signals to the control grid is called 
grid drive. 
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Fig.1 1-1 Picture tube elements and accessories considered in this group. 


Focusing may be electrostatic or magnetic. For electrostatic 
focusing there is an additional focusing anode connected to base 
pin 6. This element is not present in tubes designed for magnetic 
focusing. With electrostatically focused tubes the centering of 
pictures is by an adjustable external permanent magnet or mag- 
nets. 


a tno 
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Magnetic focusing most often is by means of an external device 
containing permanent magnets with means for adjusting the 
focusing field. Most permanent magnet focusing devices include 
the necessary parts and a separate adjustment for centering of 
pictures. With the few PM focusing devices which do not pro- 
vide centering there is used a separate adjustable permanent 
magnet centering unit. 

Magnetic focusing sometimes is provided by a wound focusing 
coil which carries direct current. Focus is adjusted by varying 
the coil current. The focusing coil may be supported in a mount 
which allows the coil to be tilted one way or another for center- 
ing of pictures. Otherwise there may be a separate adjustable 
permanent magnet centering device. 
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The yoke is not considered as part of this group or section 
because the deflecting coils are in the sweep and deflection sys- 
tem. The second anode or ultor is not included here because it 
is part of the high-voltage section. 

Accompanying tables list faults which may occur with elements 
and parts of Fig. 11-1. Following the tables are instructions for 
tests and repairs, also notes helpful during trouble location in 
this section of the receiver. Instruction paragraphs are numbered 
to correspond with numbered faults in the tables. 


Current Meter 


——_ = —_—— ee fe ie ee os ao 


Cathode . 
Lead 


Circuit Opened 
Meter In Series 


Fig. 11-2. Measuring cathode emission current of a picture tube. 


1 Emission Measurements 


While a picture tube is in normal operation the cathode cur- 
rent is practically the same as beam current or current for the 
high-voltage anode. The first grid or control grid is negative to 
the cathode and carries no current. Current either to or from 
the second grid and to or from a focusing anode will be negligible 
or zero in spite of the fact that these elements may be highly 
positive to the cathode. 

Cathode current may be measured with a microammeter or 
with a volt-ohm-milliammeter having a d-c current range of 500 
microamperes or 0.5 milliampere, connected as in Fig. 11-2. 

Cathode current is increased by any of the following: 

A Received pictures of lighter tone. Make tests with the receiver 
tuned to an inactive channel, so only a raster will show. 

B Advancing the contrast control while receiving pictures. On 
an inactive channel the contrast control will have little effect 
or none at all. This control should be set at minimum. 

C Advancing the brightness control, for a brighter raster. 

D Greater heater voltage. 

E Greater voltage on the second grid. 
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F Greater voltage on the second anode or ultor. 
G Some types of picture tubes. 

When emission is low the viewer is likely to advance the con- 
trast control too far, giving the appearance of excessive contrast 
although the primary trouble is low emission. 


2to5 Element Voltages 


Check element voltages at the picture tube socket as in Fig. 
11-3, Use only a VIVM. Even a high-resistance moving coil 
meter will show incorrect control grid-cathode voltages and sec- 


Heater Grid -Cathode Focus Anode 


2nd Grid 2nd Grid 
(Cathode Drive) (Grid Drive) 


D-C Volts 
0 - 600 


Fig. 11-3 Connections for checking voltages at the various elements of a 
picture tube. 
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ond grid voltages with many kinds of receiver circuits. Remove 
the socket from the tube. Connect the VITVM leads to short 
pieces of wire inserted in the socket openings. 

A-C heater voltage between socket openings for pins 1 and 12 
should read no less than 6.0 volts. 


3 and 4 Second Grid Tests 


Measure second grid voltage with a d-c range of 500 volts or 
more. Connect positive of the meter to the socket opening for 
pin 10 and the negative to the opening for pin 2 for a set with 
cathode drive, or the negative to the opening for pin 11 for a set 
with grid drive. 

Nearly all recent picture tubes are designed for 500 volts 
maximum positive on the second grid with reference to the cath- 
ode with grid drive, and for 625 volts with reference to the 
control grid with cathode drive. A few older 17-inch tubes are 
designed for maximum of 410 volts to the cathode. Anything 
much less than 250 to 350 positive volts on any second grid is 
likely to mean unsatisfactory performance. 

Increasing the voltage on a second grid allows handling 
stronger video signals or signals with greater peak-to-peak am- 
plitude while preserving a full range of shadings from darkest 
to lightest. There is increased brightness on the viewing screen, 
and more cathode current, for any given setting of the bright- 
ness control. 

The increase of brightness with more voltage on the second 
grid requires that the control grid be made more negative to the 
cathode, or the cathode more positive to the grid, in order to 
have beam cutoff. This is merely another way of saying that 
more voltage on the second grid allows handling stronger signals 
or greater signal drive voltage. 

Any change of second grid voltage may affect electrostatic 
focusing. It may be necessary to change the focusing voltage on 
pin 6 when there is any decided change of second grid voltage. 


5 Electrostatic Focus 


Measure electrostatic focus voltage with the positive of a d-c 
meter to the socket opening for pin 6 and negative to the cathode 
(pin 11) for sets with grid drive, or negative to the control grid 
(pin 2) for cathode drive. 

Focusing voltage may measure almost anything—from nega- 
tive with respect to the cathode (for grid drive) up to 400 volts 
or more positive with respect to either the cathode or the con- 
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trol grid. In some sets the focusing anode (pin 6) is connected 
to chassis ground, usually with a connection at the socket from 
pin 6 to the grounded pin for the heater. Pin 6 sometimes is con- 
nected at the socket to pin 10, thus applying the same voltage 
to the focusing anode as to the second grid. 

During service work it is permissible to connect the focusing 
anode to some voltage either higher or lower than originally used, 
provided this improves the focus. The source for focus voltage 
quite often is a line carrying boosted B-voltage, with a resistor 
in series to pin 6. 

Some receivers have a potentiometer for adjusting the focus 
voltage. With a pot of 2 megohms resistance connected to a 
source of 500 volts the pot has to dissipate less than % watt and 
should give no trouble. 


7 Cathode-Heater Leakage 


In addition to symptoms listed in the table, cathode-heater 
leakage of low resistance may cause hum bars, making the upper 
or lower part of pictures much darker than the remainder. 

When video signal input is to the control grid of the picture 
tube, not to the cathode, ill effects of cathode-heater leakage 
may be overcome by using a separate heater transformer as in 
Fig. 11-4. The transformer must have an insulated secondary. 

If a separate transformer is used where signal input is to the 
picture tube cathode, pictures may be of poor quality. Quality 
will be definitely bad if leakage resistance is less than about 
10,000 ohms. 

Disconnect the leads for socket openings 1 and 12 from the 
receiver heater circuit and connect these leads to the transformer 


Video Signal 


110-120 v 
Primary 


6.3 Vv 


On-Off To Low Voltage 
Switch Power Section 


Fig. 11-4 Using a transformer to prevent ill effects of cathode-heater 
leakage. | 
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secondary. Do not connect either side of the secondary to ground. 
However, try connecting one side and then the other of the 
secondary to the cathode (pin 11) and leave it so connected if 
picture quality is improved. | 

When using a transformer designed to reduce a-c power line 
voltage to 6.3 volts connect the transformer primary to the same 
receiver leads that go to the power transformer, as illustrated, 
or to the leads on the receiver side of the off-on switch where 
there are series heaters. : 

When using a one-to-one heater transformer connect one side 
of its primary to the high side of a 6.3 volt parallel heater circuit 
and the other side of the primary to the other side of the heater 
circuit, usually ground. 

If the receiver has series heaters, disconnecting the picture tube 
heater as in Fig. 11-4 would leave the receiver heater line open. 
Continuity must be restored with a resistor connected between 
points from which leads to heater socket terminals have been 
disconnected. Resistance should be 10 to 11 ohms. Actual dissi- 
pation will be about 3.8 watts, so the resistor should be rated for 
at least 5 watts and preferably for 10 watts. 

Some tube brighteners contain a transformer with insulated 
secondary and have provisions for a one-to-one voltage ratio. 
Such a brightener may be installed much more easily than a 
separate transformer. 


8 to 10 Internal Opens 


Open circuits at base pins or within the tube envelope to the 
cathode, the control grid and second grid may be checked with 
the setup shown in Fig. 11-5. Heater voltage is applied during 
the tests. 

A control grid test is shown at A. In series between cathode 
and control grid connect a single dry cell, a d-c current meter 
reading to 0.5 ma or more, and a resistor of about 22K ohms. 

Check the second grid as in diagram B. Change the resistor 
to about 220K ohms. Connect the control grid to the cathode. 
Connect the second grid to the meter through a battery of about 
45 volts or else to an a-c power line (110-120) voltage. 

Zero reading on both tests indicates that the cathode is open. 

Zero on test A but not on B shows that the control grid is open. 

Zero on test B but not on A shows that the second grid is open. 

An open circuit may be due to poor connection of an internal 
lead wire into a base pin. Resoldering may cure the fault, and 
can do no harm since the tube is useless with an open element. 
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Clean the tip of the pin with a fine sandpaper. Hold a hot 
soldering iron against the side of the pin near the tip while apply- 
ing rosin core wire solder to the tip until some solder flows into 
the tip. An iron not hot enough or continued heating with any 
iron may loosen the pin in the base. 

Some workers slip a piece of number 20 bare tinned hookup 
wire into the pin while it is heated, then apply solder. Excess 
wire is cut off after cooling. If solder gets on the outside of the 
pin shave it off with a penknife blade. 


220K 
45v DC 
115v AC LY 
One OC OC 
Dry Cell 0-500 pA 0-500 pA 


Fig. 11-5 Tests for elements internally open in the picture tube. 


11 and 12 = Internal Shorts 


Internal shorts sometimes may be discovered and located by 
using the highest resistance range of an ohmmeter as in Fig. 
11-6. Remove the second anode (high-voltage) connector from 
the picture tube, cover the connector and place it where there 
is no chance of shorting to metal or giving you a shock. Remove 
- the socket from the picture tube and make temporary connec- 
tions from the heater line, or the line and ground, to pins 1 and 
12 in order to light the heater. 

Either lead of any ohmmeter may be positive with respect to 
the other lead. Determine which lead is positive. While checking 
for shorts to the cathode always connect the positive lead of the 
ohmmeter to the cathode. Otherwise the ohmmeter will show 
a low resistance reading which is due to emission current in the 
tube. 
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All internal elements may be checked by making the follow- 
ing connections in the order listed. 

A. From cathode (pin 11) to control grid, second grid, focus- 
ing anode, second anode cap. 

B. From control grid (pin 2) to second grid, focusing anode, 
second anode cap. 

C. From second grid (pin 10) to focusing anode, second anode 
cap. 

D. From focusing anode (pin 6) to second anode cap. 


Socket Base Pins f 


Anode Connector 


Ohmmeter Removed 


To Any 
ther Pin 


Fig. 11-6 Testing for elements shorted within the picture tube. 


Internal shorts sometimes are burned out with high voltage 
from the high-voltage power supply of the receiver, using the 
cable that normally goes to the second anode cap on the picture 
tube. This method is likely to damage the high-voltage section. 

With another method of burning out shorts, illustrated by Fig. 
11-7, a capacitor is charged from a d-c source and then dis- 
charged through the short. The discharge provides large current 
but discharge time is too brief to overheat the tube elements. 
The capacitor should be of at least one microfarad, or several 
units of less capacitance may be connected in parallel to make up 
the total. Capacitor voltage rating should at least equal the 
charging voltage, which may be taken from a B+ line or from a 
boosted B-voltage line of the receiver. 

Remove the socket from the picture tube, also the high- 
voltage second anode connector. Connect the bared end of an 
insulated wire to one side of the capacitor. Connect the other 


\ 
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side of the capacitor to chassis ground or B-minus. Connect either 
of the two shorted elements to chassis ground or B-minus. 

Touch the other bared end of the insulated wire to the source 
of B-voltage for a moment, then touch this end of the wire to 
the pin for the shorted element that has not been grounded. The 
process may be repeated or a higher charging voltage may be 
used should the ohmmeter show that the short persists. 


7 
7 
| Any Two (1 ) _“«ittt . 


Elements 
Being Tested 


——_ oN Insulated Wire 
One Or More 


Paper Capacitors 


Chassis Ground Any Terminal 
Or B-minus For B+ Voltage 


Fig. 11-7 Burning out internal shorts with the charge from a capacitor. 
Picture Tube Brighteners 


When cathode emission has become low due to aging of a 
picture tube the emission usually may be increased to obtain 
some further useful life by applying greater than normal voltage 
to the heater. This is done most conveniently with a tube bright- 
ener or booster consisting of a small transformer in a housing 
on which is a picture tube base with pins. There is a picture 
tube socket on leads connected into the brightener housing. The 
regular socket is removed from the picture tube and placed on 
the brightener while the socket on the brightener leads is oy 
onto the base of the picture tube. 

Some brighteners are designed to operate only where ne 
are wired in parallel. Others will operate where heaters are 
wired either in series or in parallel. 

A brightener will improve the performance of most old wants 
tubes. The improvement may last for only a week or so, or 
for many months. 


Reactivation or Rejuvenation 


Picture tubes often are reactivated or rejuvenated by applying 
greater than normal voltage to the heater for a limited time while 
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no voltages are applied to the second anode, the second grid, 
a focusing anode or the control grid. To the heater may be ap- 
plied 9 to 10 a-c volts for about one minute, then about 7 volts for 
an hour or more. This may be done with a brightener which pro- 
vides a choice of heater voltages. 

Fig. 11-8 shows all connections for rejuvenation employing a 
step-down transformer which will supply secondary voltage ad- 
justable from 6 to 10 volts. A small toy transformer with a 5-ohm 
2-watt resistor in series is satisfactory. A non-adjustable 6.3-volt 
heater transformer may be tried instead of the adjustable type. 
The picture tube rectifies the a-c voltage. D-C emission current 


Rheostat OC Current 


Fig. 11-8 Connections for picture tube rejuvenation from a stepdown trans- 
former. 

flows from the control grid through a d-c milliammeter and ad- 
justable rheostat. 

With 7 to 8 volts on the heater the rheostat is set to limit 
emission current to no more than 0.1 to 0.2 ma in the beginning. 
The process is allowed to continue while emission current in- 
creases with the original setting of the rheostat. This current 
should not be allowed to exceed 0.5 ma. 

Rejuvenation may allow improved performance for short or 
long periods, as is also true when a brightener remains on the 
picture tube. Often a brightener may be used for a few hours 
or days, after which the picture tube will continue to perform 
well for a considerable period without the brightener. 


PICTURE TUBE ACCESSORIES 


The second table relating to this group lists faults and symp- 
toms for ion trap magnets, focusing magnets or coils, and center- 
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Table 11-2 


PICTURE TUBE 
ACCESSORIES 


16 Misadjusted 
20 Too far forward or back 


21 Not centered on tube neck 


22 Rotated to wrong position 
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Brightness Lacking 
Centering Difficult 


Definition Poor 
Skew Or Tilt 


25 Control pot defective 


28 Current too great or small 
29 Internal open or short 


CENTERING MAGNET 
30 Wrong position 


ing magnets. Following explanatory paragraphs are numbered to 
correspond with numbers of faults in the table. 
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16 Extreme misadjustment of an ion magnet may allow the 
viewing screen to show only a faint glow, visible only in a 
darkened room. Such misadjustment, if continued for more than 
a few minutes, will permanently damage the picture tube. 

Adjust the magnet while tuned to an inactive channel with 
brightness advanced only enough to allow a dim raster. Rotate 
the magnet around the tube neck and slide the magnet forward 
or back to attain the maximum brightness. Retard the brightness 
control as adjustment proceeds. 

Do not attempt shadow elimination by adjustment of the trap 
magnet if this causes any reduction of brightness. Eliminate 
shadows by the centering adjustment. 
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Focus sometimes is improved by slight readjustment of the 
trap magnet within the range of positions where brightness is 
not reduced. Check this on a raster of low brightness. Good focus 
may be impossible if the ion trap magnet has long remained mis- 
adjusted. 

Any change of adjustment of a focusing magnet or coil, or of 

a centering device, should be followed by readjustment of the 
ion trap magnet for maximum brightness. 
17. Strength of ion trap magnets is measured in gausses. The 
gauss is a unit related to concentration or density of magnetic 
field strength in a given cross sectional area of the field. Strengths 
of commonly used magnets range from 30 to 50 gausses. 

For tubes of recent design the strength of the ion trap magnet 
is increased by about one gauss for every 1,000-volt increase at 
the second anode or ultor. There is no direct relation between 
magnet strength and size of the viewing screen. 

A magnet which has to be moved well toward the yoke for 
maximum brightness probably is too weak. One that has to be 
moved close to the tube base for maximum brightness probably 
is too strong. Good brightness may be unobtainable with a weak 
magnet in any position. 

18 Asa general rule a single-field ion trap magnet won’t work 
on a picture tube designed for a double-field magnet, nor the 
other way around. There are a few tubes which operate satisfac- 
torily with either kind of magnet. 

19 <A double-field magnet turned front for back will cause 
severe shadowing when moved to the position for maximum 
brightness. A single-field magnet may be rotated to the position 
for maximum brightness and good picture reproduction regard- 
less of front and back relations. 


Focus Magnet or Coil 


20 If a focusing magnet or coil is moved lengthwise of the 
picture tube neck to improve focus or prevent shadowing it is 
necessary to readjust the ion trap magnet. 

21 It is important that a focusing magnet or coil be cen- 
tered around the tube neck, with practically uniform spacing 
between the outside of the neck and the inside of the magnet 
or coil at all points. A unit off center may cause generally poor 
pictures. 

22 A focusing coil rotated to the wrong position around the 
tube neck may make good focusing difficult or impossible. The 
effects usually are worse with a coil than with a PM focuser. 
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23 A focusing magnet of wrong strength for the picture tube 
may allow good focus only at the sides of pictures or only at the 
center. 

26 Reversed leads to a focusing coil may have little effect 
on focus, but one connection will require more or less coil cur- 
rent than the other connection. If the focus current adjustment 
cannot provide enough variation of current there will be poor 
focus. 

27 Turning a focusing coil front for back does not have just 
the same effects as reversing the coil leads, because a magnetic 
gap on the inside of the coil housing should be toward the yoke, 
not away from the yoke. 

28 Changes anywhere in the B-supply circuits of some receiv- 
ers, or deterioration of resistors in such circuits may either limit 
or increase focusing coil current to such an extent that the 
adjusting pot cannot make compensation. Then good focus can 
be had only at the center or only at the sides of the viewing 
screen. 


Centering 


30-31 In cases where shadowing persists when there is cor- 
rect centering the trouble sometimes may be overcome by rotat- 
ing the picture tube on its neck axis to a new position. 


COLOR PICTURE TUBES 


Only the three-gun color picture tube is discussed in this sec- 
tion. One-gun color picture tubes are treated in Section 12. 

The three-gun color picture tube originally was manufactured 
with a 12-inch viewing screen. The type number of this tube was 
the 15GP22 and the 15HP22. A few of these picture tubes are 
still in use, and require servicing. They are basically similar to 
the larger-screen picture tubes, such as the 19VP22, the 19TP22, 
the 21AXP22, and the 22EP22. However, various structures and 
operating features are different, which are important to the 
service man. 

All three-gun tubes have a viewing screen made up of tiny 
phosphor dots, as shown in Fig. 11-9. The 19VP22 tube has over a 
million such phosphor dots. The early three-gun tubes had only 
350,000 dots, approximately. The pattern of dots is very precise, 
following the order shown in Fig. 11-9. 

Red, green, and blue phosphor dots are used, as shown by the 
letters R, G, and B. When the three phosphors are energized by 
the electron beams, in groups of three as shown in Fig. 11-9, the 
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09300009. 


Fig. 11-9 All three-gun color picture tubes have red, blue, and green 
phosphor dots laid down in a pattern on the viewing screen. 


BAR |SATURATED RED BAR |DESATURATED RED 
“_ , 
Y 
+65% 
+70% 
Y | 


Gy |(FORMED AT RCVR 
-15%| IN G-Y MATRIX) 


(FORMED AT RCVR 
-30%/1N G-Y MATRIX) 
Fig. 11-10 (Left) Signal voltages which produce light output from the red 
phosphor only. (Right) Signal voltages which produce light output from all 
three guns: a 50% saturated red field. 
screen appears white or gray (providing the three beams are bal- 
anced). Suppose the three electron beams are not balanced—in- 
stead, consider a situation in which the red grid is driven by a 
70% signal voltage, the cathodes are driven by a 30% signal, 
and the blue and green grids are each driven by a —30% signal. 
(See Fig. 11-10.) Now the screen shows a 100% saturated red field. 
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You will recall from Section 9 (or you should refer to it), that 
these particular signal voltages produce 100% output from the red 
gun, and zero outputs from the blue and green guns. Hence, only 
the red phosphor dots on the screen emit light, when these signal 
voltages are present. 

On the other hand, however, consider a 65% Y signal applied 
to the cathodes, a 35% signal applied to the red grid, and a 
—15% signal applied to the blue grid and to the green grid, as 
shown in Fig. 11-10. Now, all three phosphors emit light, but 
there is more light from the red phosphor than from the blue and 
green. Actually, a 50% saturated red, or pink field is produced. 

Three electron guns are mounted in the neck of the picture 
tube. Fig. 11-11 shows how an electron beam starts from a gun, 
and travels to the shadow mask, through which it passes to strike 


DECORATIVE MASK PHOSPHOR-DOT PLATE 
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SHADOW MASK METAL FLANGE 
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Fig. 11-11 The color picture tube has a shadow mask perforated with holes. 
The electron beam from each gun must pass through the mask to strike the 
phosphor dots. 
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Fig. 11-12 How the three electron beams travel to the perforated shadow 
mask, and pass through the holes to reach the phosphor dots. 


a phosphor dot. The shadow mask, phosphor screen, and con- 
vergence electrode (when used) operate at 20,000 to 25,000 volts. 
Details are discussed in a later section, however. 

Fig. 11-12 shows the more important features of a small-screen 
picture-tube assembly. Each gun contains a heater, cathode, and 
control grid. A focusing electrode and convergence electrode are 
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Fig. 11-13 All color picture tubes have a beam-positioning magnet mounted 
over each electron gun. 
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used to bring the beam to the required point on the shadow 
mask, as the screen is scanned. 

Small-screen tubes use an electromagnetic purifying coil to 
assist in focusing each beam on its proper dot. That is, the red 
beam must strike the red dots only, and not the blue or green 
dots. A deflection yoke is used on all color picture tubes. It is 
part of the sweep section, however, and hence is not discussed 
in detail here. 

Small-screen tubes use a viewing screen in the form of a flat 
plate. The phosphor dots are deposited on this plate, which is 
mounted behind the face of the picture tube. A beam-positioning 
magnet is mounted over each electron gun, as shown in Fig. 11-13. 
These magnets assist in focusing the electron beams to the re- 
quired point on the shadow mask. In large-screen picture tubes, 
a blue lateral corrector magnet supplements the blue beam- 
positioning magnet. (See Fig. 11-14.) The section on convergence 
discusses these magnets in detail. 


PERMANENT 
MAGNET 


Fig. 11-14 The 19, 21, and 22-inch picture 
tubes use a blue-lateral corrector, in addition to 
the blue beam positioning magnet. 
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Fig. 11-15 Electromagnets are used on the neck of large-screen 
picture tubes, instead of an internal convergence electrode. 
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Fig. 11-16 CBS Colortron tube has the phosphor-dot screen on the rear of the 
tube face. The shadow (aperture) mask is mounted just back of the screen. 
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The convergence electrode is not used in large-screen picture 
tubes. In its place, electromagnets mounted with the beam mag- 
nets are used on the tube neck, as illustrated in Fig. 11-15. Details 
of coil action are also reserved for the section on convergence. 

Some details of the shadow mask and tube construction are 
seen in Figs. 11-16, 11-17, and 11-18. The shadow (aperture) mask 


ELECTRON APERTURE SCREEN 
GUNS MASK 


Fig. 11-17 The electron beams enter the holes in the shadow mask at dif- 
ferent angles, only one color of phosphor dot can be struck by the beam. 


Fig. 11-18 A beam from any one electron gun can strike phosphor dots of 
one color only. 
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is supported just back of the phosphor screen. The mask contains 
one hole for each group of three dots. As shown in Fig. 11-17, each 
hole is positioned so that the red beam can “see” only the red 
dots, the blue beam can “see” only the blue dots, and the green 
beam can “see” only the green dots. (See Fig. 11-18.) 

It is apparent that the shadow mask must be aligned with 
extreme accuracy. For this reason, operating a color picture tube 
at excessive beam current is poor practice, and can result in 
warping of the mask. Once warped, correct colors cannot be ob- 
tained on the screen. 

Electrodes for a small-screen color picture tube were illustrated 
in Fig. 11-12. The electrodes used in large-screen tubes are seen 
in Fig. 11-19. The chief difference is the absence of the con- 
vergence electrode for the large tubes. However, convergence 
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Fig. 11-19 Electrodes used in the large-screen color picture tubes. 


CATHODES 


coils are used in the large tubes. Note in Fig. 11-12 that the 
scanning beams strike a flat plate of phosphor dots. It is evident 
that the three beams would be defocused at the edges of the 
plate, unless suitable correcting voltages were applied to the con- 
vergence electrode. 

In Fig. 11-20, we see a somewhat similar situation which exists 
in the large tubes. The three beams scan a curved screen of phos- 
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phor dots, but the radius of the screen is greater than the radius of 
the beams from the guns. Hence, convergence coils must be used 
to keep the beams from being defocused at the edges of the screen. 

The placement of the accessory components for a small-screen 
picture tube is shown in Fig. 11-21. The cone shield is made of 
mu metal, as is the neck shield. Mu metal is a highly efficient 
magnetic shield, and keeps stray magnetic fields from defocusing 
the beams in the picture tube. The beam-positioning magnets are 
threaded (sometimes friction mounted) in the neck shield. The 
purifying (purity) coil is mounted inside the neck shield, next to 
the deflection yoke. The yoke is much larger and more accurately 
manufactured than a yoke for a black-and-white picture tube. 
The rim coil assists in obtaining proper focus of the three beams 
at the edges of the phosphor screen. 
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Fig. 11-20 The phosphor screen has a larger radius of curvature than the 
scanning beams. 
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The rim coil is also called a field neutralizing coil, and is 
mounted as illustrated in Fig. 11-22. An adjustable d-c current is 
passed through the coil, which can be unplugged from the chassis, 
as shown. As seen in Fig. 11-21, the anode connector of the small- 
screen tube is a metal ring located behind the rim coil. The high- 
voltage connection is protected by an insulating ring, as seen 
in Fig. 11-23. Unless the ring is properly installed, corona and 
arcing, with accompanying picture disturbances, will occur due 

to the high voltage present. 
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Fig. 11-21 The small-screen picture tube has its accessory components 
mounted in the positions shown. 


More detail of the purity coil is given in Fig. 11-24. It is seen 
that the direction of beam movement is at right angles to the 
field of the purity coil. This, of course, is merely the right-hand 
rule of electricity, since the electron beam is an electric current. 
Thus, the beam motions shown in Fig. 11-15 are likewise at right 
angles to the direction of the magnetic fields between the pole 
pieces, or magnetic vanes. Again, the beam motion produced by 
adjustment of the blue lateral corrector (see Fig. 11-25), is at 
right angles to the flux from the threaded corrector magnet. 
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The arrangement of accessory components on the neck of a 
large-screen tube is depicted in Fig. 11-26. Also seen is the sup- 
ply of d-c voltage, and of two a-c voltages to these components. 
Note that a PM purity-magnet unit is often used instead of a 
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Fig. 11-22 The field neutralizing coil surrounds the rim of the picture tube 
and is supported at six points. D-C current flows through the coil. 

purity coil between the blue lateral corrector and the convergence 
coils. Its function is the same, in either case. 

A more detailed view of the placement of accessories for a 21- 
inch picture tube is shown in Fig. 11-27. These are recommended 
positions for the RCA 21AXP22 picture tube. The blue lateral 
magnet contains a rotatable disc magnet, instead of a threaded rod 
magnet, as illustrated for smaller-screen tubes. The purity mag- 
nets comprise a pair of thin ring discs, much like the centering 
magnets used in some black-and-white receivers. The beam- 
positioning magnets (converging adjustments) are insulated con- 
trol knobs, instead of threaded rods, as shown for some small- 
screen tubes. The deflection yoke is adjustable in all directions, 
to assist in obtaining proper focus of all three beams. 

Note particularly the individual field-equalizer magnets used 
on such large-screen tubes. These are individual magnets which 
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Fig. 11-23 The high-voltage flange terminal is completely enclosed with 
an insulating ring. 


serve the purpose of the rim coil, illustrated earlier. In some 
receivers, the magnets can be pushed closer to or farther from 
the tube, and can be turned to vary the direction of their mag- 
netic fields. In other receivers, the magnets can only be turned. 

The ultor connection is also called the second-anode terminal. 
It usually operates at 25,000 volts, as shown in Fig. 11-28. The 
typical operating voltages of the other electrodes in a large-screen 
tube are also indicated. 

A useful comparison of the characteristics of various color pic- 
ture tubes is given in Fig. 11-29. The two Chromatic tubes and 
the Thomas tube are single-gun types which are included for 
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comparison. However, details of these single-gun tubes will be 
found in Section 12. 

Accompanying tables list faults which may occur in the color 
picture tube of the three-gun type. Following the tables are in- 
structions for tests and repairs, with notes useful for trouble 
location. The subsequent paragraphs are numbered to correspond 
with numbered faults in the tables: 


Note: You will find the control grid of a color picture tube often 
called Gi. The screen grid is often called Gz. 
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Fig. 11-24 The purity coil produces a magnetic field in the direction of the 
dotted arrow. Beam motion is at right angles to the magnetic flux. 

1 Low emission in a color picture tube causes one of the pri- 
mary colors (red, green, or blue) to be weak. This applies to 
both the raster colors and to the signal colors. Thus, if the red 
gun has low emission, the raster appears cyan, and the color 
picture lacks red tones. When the particular gun cannot be 
brought up to required output by adjustment of the G, and Ge» 
voltages, the picture tube must be rejuvenated or replaced. A 
color picture tube is rejuvenated in the same manner as a black- 
and-white picture tube. 

2 When the heater voltage is low, all three guns in a color 
picture tube are affected, being connected in parallel. The pic- 
ture lacks brightness, or the raster may become invisible. Meas- 
ure the heater voltage with a VOM or VT VM. 
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3 The control-grid voltage becomes low due to circuit faults 
such as change in resistor values, or open wire-wound potentiom- 
eters in d-c coupled circuits. In a-c coupled circuits, the control 
grid usually is shifted in a positive direction because of coupling- 
capacitor leakage. (Check as discussed under 2 to 5, Table 8-1.) 
A positive shift in grid voltage causes the color of that gun to 
appear excessive in the raster. Small shifts can be compensated 
by the service controls, but large shifts cannot. 


BLUE BEAM CORRECTOR 
MAGNET 


Fig. 11-25 The threaded blue-lateral corrector magnet pro- 

duces a right-angled adjustment of the blue beam only. 
4 When the control-grid voltage becomes zero due to a grid- 
ground short, the color of that gun disappears from the raster 
in d-c coupled circuits. In a-c coupled circuits the color may dis- 
appear, or may become very intense, depending upon circuit de- 
tails. (Inspect circuit diagram for the particular receiver.) A 
VTVM check of the grid-ground (or grid-cathode voltage) is 
usually practical, unless the cathode operates far above ground; 
in such case, make grid-ground measurements only with the 
VTVM, to avoid false readings. 
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5 When the G, lead is open (as when hanging loose), the G; 
voltage is not zero. Instead, the high-impedance grid leads pick 
up high-voltage stray fields. The usual result is an excessive 
color of that gun in the raster. 

6 When the screen-grid voltage is too low, the color of that gun 
is weak or absent from the raster. Make a VIVM voltage check, 
and compare the value with the other screen voltages of the 
tube, or refer to the service data of the receiver for a reference 
value. | 

7 A cathode-heater leak causes hum bars in the raster, in 
series-string filament receivers. In some transformer-type receiv- 
ers a cathode-heater leak applies excessive positive d-c voltage 
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Fig. 11-26 Arrangement of accessory components on neck of large-screen 
picture tube, showing supply of d-c, 60-cycle a-c, and 15,750-cycle a-c 
voltages. 
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to the cathode, which dims the picture. In other receivers it re- 
duces the normal cathode voltage, which causes the picture to 
become too bright. In still other receivers, cathodes are tied to 
heaters in the same circuit, and cathode-heater leakage has no 
effect provided a part of the heater is not shorted and burned out. 
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Fig. 11-27 Recommended placement of accessory components on the RCA 
21AXP22 color picture tube. 


8 An open cathode results in stoppage of the beam current from 
that gun, and resulting absence of the given color from the raster. 
(See also 8 in Table 8-1.) Tests described apply to color picture 
tubes as well as black-and-white. 

9 An open control grid results in loss of control of that color. 
In some cases the color is weak, and in other cases too strong, 
depending on the point of open circuit. (See also 9 in Table 8-1.) 


eee Tre [ee [oe [ties [cee [me 


21AXP22A | 19VP22 19TP22 FDF22-4 PDF21-210a PDF21-3 


Phosphor Horizontal line Horizontal line Horizontal line 
dots and switching at switching at switching at 
shadow mask | screen with focus- | screen with focus-| screen with 
ing mask ing mask focusing mask 


sa 


Bulb face Flat screen Flat screen Flat screen 
(internal) (internal) (internal) 


210 


Small shell Small shell, Small shell, Small shell, 
bidecal duodecal 


14 pins 7 pins 


Small shell, Small shell, 
duodecal duodecal 


neodiheptal diheptal 
12 pins 12 pins 


| Focus Electrostatic | Electrostatic | Electrostatic i 


7 pins 5 pins 


86l 


SATHNOUL AL“YOTOD LNIOd-Nid 


FE cone Milo ll 


Bulb volts Connected Connected Connected 3500-6000 3500-6000 3500-6000 
to screen to screen to screen 


Convergence 8,500-10,200 
electrode 
Accelerator 140-310 300-1000 300 
electrode 
—45 to —100 | —45 to —100 | —42 to —78 | —50 to —150 —50 to —150 —50 to —150 
cut-off 


a 


isos 
340 


Peak dynamic 
conv. volts 


Peak dynamic 
focus volts 


Peak color grid 
deflect. volts 


Number of pic- 357,000 300,000 440,000 
ture elements 
Fig. 11-29 Comparison of characteristics of various color picture tubes. 
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10 An open screen grid results in loss of the given color. 
(See 10, Table 8-1.) | 

11. A cathode-grid leak causes loss of control, and reduces the 
bias on the control grid, which makes that color excessively 
bright. (See also 11, Table 8-1.) 

12 A screen-cathode leak results in the absence of that color 
from the raster. (See also 12, Table 8-1.) 

13. A gassy color picture tube often arcs in the neck, due to the 
high voltage of operation. Other symptoms are blooming and 
fuzzy focus. A gassy tube must be discarded and replaced. 

14 When the control-grid leads are terminated in plugs, it 
sometimes happens that the leads are reversed during service 
tests. This causes the signal colors to appear interchanged, al- 
though the raster can be balanced for black-and-white reception. 
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Fig. 11-28 Typical operating voltages for ultor, focus, and screen electrodes 
of large-screen tube. Control grids operate negative with respect to cathode. 
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15 Low focus voltage results in a fuzzy and blurred picture. 
(See also 4, Table 8-1.) 

16 If the cathode voltage is too high (commonly caused by a 
leaky coupling capacitor), the brightness is poor, or the raster 
may be completely dark. 

17. A magnetized picture tube or shield structure causes incor- 
rect tinting of the raster. The condition is corrected by use of a 
degaussing coil, as explained in the convergence section. 

18 Arcing through the glass neck of the tube to the yoke is a 
fault which cannot be corrected. The tube should be replaced 
before the yoke breaks down. 

Faults in accessories for color picture tubes are not discussed 
in this section, as the subject is much too extensive. These con- 
siderations are treated under the accompanying symptoms in 
various following sections. 


Glass Rectangular Color Picture Tubes 


The most recent color picture tubes are made of glass, instead 
of metal, and are rectangular. No magnetic shielding is used over 
the bell of the tube. There is a grounded aquadag coating over 
the tube bell, and this coating operates as the negative terminal 
of a high-voltage filter capacitor. This is similar to the coating 
on a black-and-white picture tube. ‘ 

The glass rectangular tube operates at 25 kv. The number of 
phosphor dots in the screen, and the arrangement of electrodes 
is basically the same as in the round type of color picture tubes. 
This tube uses both rim magnets and a rim coil. There are 
spaces for more rim magnets than supplied with the receivers 
using this tube type—if you need more rim magnets to get 
good field purity, the magnets can be obtained from a supply 
house. 

You will find centering rings used on the glass rectangular 
tube. This is the only type of color picture tube which uses 
magnetic centering. The rings are very similar to those used on 
‘many black-and-white picture tubes. Note that when purity ad- 
justments are made, the levers of the centering rings must be 
moved together, so that little or no centering field is obtained 
from the rings. This is because the magnetic field from the 
centering rings can interact with the purity field. The centering 
rings are moved by large levers on the back of the yoke. 

You will observe a metal plate taped to the rear cover of the 
yoke, on a rectangular color tube. This plate provides shielding 
between the deflection yoke and the convergence yoke. It must 
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be in place when the set-up adjustments are made on the 
picture tube. 

A heavy sheet of insulating material is used to prevent arcing 
or corona from the anode connector to the control panel. If a 
picture tube is replaced, be sure that this insulating sheet is 
put back in place. It not only prevents arcing, but also prevents 
the possibility of shock when servicing the receiver. 

The field-neutralizing coil has a polarity-reversing switch. This 
switch is often useful during set-up, when good edge purity 
cannot be obtained by adjustment of the rim-current potenti- 
ometer. When the switch is thrown, the current flows through 
the rim coil in the opposite direction. 

The convergence yoke used with the glass rectangular tube 
is similar to that used with round tubes. Likewise, the purity 
magnets and blue lateral corrector are the same. The deflection 
yoke is mounted on slot-hole brackets, so that it can be slid 
back and forth to get good field purity. 

Receivers using the glass rectangular tube often have series- 
string heater circuits. However, the picture tube and the high- 
voltage regulator tube have a small 6.3-volt heater transformer. 
The chassis is “hot” in this type of receiver, and the techni- 
cian should use a line-isolation transformer to protect himself 
against shock. 

You will note that receivers using the glass rectangular tube 
have slightly different input circuits to the tube, than receivers 
using round tubes. The grid input circuits are coupled to both 
the control grids and to the screen grids. This is done in the 
more recent color receivers to reduce the necessary grid drive. 
By driving both the control grids and screen grids with the 
video signal, less signal voltage is required to obtain full output 
from the picture tube. 


Section 12 


ONE-GUN COLOR PICTURE TUBES 


MOST of the troubleshooting procedure for color television has 
been discussed with reference to the three-gun shadow-mask 
picture tube. The reason for this, of course, is that the three-gun 
tube is most commonly used in color-TV receivers. It must be 
recognized that hundreds of different types of color picture tubes 
have been invented, and many of these have been patented. How- 
ever, there are just a few tubes, of the one-gun type, which hold 
definite threat to the position of the three-gun tube. 


The Lawrence Tube 


As we saw in Section 11, a color-TV picture tube must repro- 
duce the three primary colors at required points in the picture 
image. We learned that this is usually done by dividing up the 
phosphor screen into tiny dots, with each adjacent dot formed 
from a phosphor which emits a different primary color. 
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Fig. 12-1 Basic arrangement of the Lawrence color picture tube. 
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The three color phosphors (red, green, and blue) can also be 
arranged in strips, as shown in Fig. 12-1. This is the screen ar- 
rangement of the one-gun Lawrence tube. The tube uses a single 
gun and one electron beam, and is sometimes called a post- 
deflection tube, or Chromatron. It is an attractive tube, because 
some of the critical adjustments of the three-gun tube are 
“built in” to the Lawrence tube, and require no attention by the 
service technician. 

The screen has alternate horizontal strips of phosphor. Each 
strip is about 1/100 inch wide. The electron beam is shown strik- 
ing the green strip in Fig. 12-1. The screen will emit a spot of 
green light at this point, accordingly. Note also that there is a 
dual grid-wire structure arranged parallel with the phosphor 
strips. The grid wires operate as a lens system to deflect and focus 
the beam as required. 

A metallic coating is located just behind the phosphor plate, 
as illustrated in Fig. 12-2. This plate operates at about 13,500 
volts with respect to the grids, as shown. The yoke position is 
also seen in Fig. 12-2, and occupies a similar position to the 
yoke on a black-and-white tube. | 
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Fig. 12-2. A metallic coating is placed just behind the phosphor strips in 
the Lawrence tube. 


The complete system of operating voltages for the Lawrence 
tube is given in Fig. 12-3. The deflection of the beam to hit one 
color stripe, or another, is controlled by an a-c voltage applied 
between G4 and Gd in Fig. 12-3. This feature has caused the 
Lawrence tube to be called a PDF tube. The beam is focussed 
to its required spot by the grid action, and hence is a post- 
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deflection focus tube. PDF are the initials of the words “post- 
deflection focus.” 

Fig. 12-1 shows that there is a grid wire for each red phosphor 
strip, and a grid wire for each blue phosphor strip. There is no 
grid wire for the green phosphor strips. It is also seen that the 
red grid wires are all connected in parallel, and that the blue 
grid wires are all connected in parallel. Remembering that the 
phosphor strips are about 0.01 inch wide, we see that the grid 
wires are closely spaced. They are separated approximately 0.02 
inch. We observe in Fig. 12-3 how the grid connections are 
brought out of the Lawrence tube. 
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Fig. 12-3 Operating voltages used at each electrode of the Lawrence tube. 


It might be supposed that the metallic coating shown in Fig. 
12-3 would stop the electrons, and prevent them from striking 
the phosphor screen. However, this a very thin coating of alum- 
inum, through which the flying electrons pass with ease. 


How the Beam Is Switched 


The electron beam scans the grid structure by electromagnetic 
deflection fields from the yoke. However, the beam switching 
from one color strip to another is done electrostatically by charges 
on the grid wires. Referring again to Fig. 12-1, we see the electron 
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beam striking the green phosphor strip. But, if we apply a 
suitable voltage between the grid wires, the beam will curve, 
and will then hit another color strip. 

We see from Fig. 12-3 that there is normally no voltage be- 
tween the grid wires. With zero voltage between the grids, the 
electron beam will hit the green phosphor strip. The entire raster 
will look green (display a green field) when there is no difference 
of voltage between the two grids. The beam is being scanned 
horizontally and vertically, just as in a black-and-white picture 
tube. However, in this conventional scanning action, only the 
green strips are struck by the electron beam. 

When a d-c voltage is applied between the two grids, the 
electron beam is then deflected up or down, depending upon ~ 
the polarity of the voltage. With a suitable value of voltage, it 
is clear that the raster will display a blue field. When the polarity 
of this voltage is reversed, the raster displays a red field. This 
is the basic principle of color switching. If you have read the pre- 
vious sections, you will see that the circuits used to switch 
colors in the Lawrence tube must of necessity be quite different 
from the chroma circuits used with a three-gun tube. 

An important point to keep in mind is this: Although the cir- 
cuits used with the Lawrence tube are quite different from those 
discussed so far, the end result is the same, as shown in Fig. 12-4. 
This is an imaginary system, which represents every variety of 
color-TV receiver and color picture tube. It is as if the output 
from the red camera were connected to the red grid (in a three- 
gun tube), the output from the green camera connected to the 
green grid, and the output from the blue camera connected to 
the blue grid. In the Lawrence tube, substitute ‘red strip” for 
“red grid,” “green strip” for “green grid,” and “blue strip” for 
“blue grid,” and you obtain a bird’s-eye view of the tube opera- 
tion which will be very helpful. 
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Fig. 12-4 This basic principle helps understanding of all color picture tubes 
and their operation. 
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Focus Action of the Grid Wires 


The grids have a focussing action on the electron beam. The 
lens is formed by the electrostatic field between the grids and 
_the metallic coating. It is seen in Fig. 12-5 that a high voltage 
is applied constantly between the grids and the aluminized screen. 
An electrostatic lens is formed between each pair of grid wires 
and the screen, and the voltages shown are adjusted to produce 
sharp focus of the electron beam. 

The scanning beam must also move up and down to hit the 
desired color strip at each instant, and this is accomplished by 
means of the 3.58-Mc control voltage shown in Fig. 12-5. The 
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Fig. 12-5 The d-c voltage between the grids and the aluminized screen 
focusses the beam. The 3.58-Mc voltage selects the desired phosphor strip 
at each instant. 


beam current must be controlled so that the picture brightness 
or color saturation is correct at each instant. This is accomplished 
by the voltage from the gates, also noted in Fig. 12-5. 

The receiver is usually adjusted with about 4,500 volts d-c 
on the grids, and approximately 18,000 volts on the aluminized 
screen. There is a difference voltage of 13,500 volts present be- 
tween the grids and the screen. This provides a sharp focussing 
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action on the beam. Note the seeker voltage applied between the 
grids and the second-anode metal flange. This 300 volts is neces- 
sary to collect secondary electrons which would otherwise form 
a space charge behind the grids, and interfere with scanning. 
An illustration of the grid-focussing action is shown in Fig. 
12-6. The electron beam has a fairly large diameter as it arrives 
at the grids, after passage through the deflection yoke. It is 
evident that unless the beam is now focussed to a much smaller 
spot, it will strike more than one phosphor strip. This focussing 
is accomplished by the voltage (electric field) between the grids 
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Fig. 12-6 The voltage between the Fig. 12-7 The center tap of the 

grids and screen focusses the beam to__ resonator coil is connected to the 

a small spot. Voltage between the seeker circuit. The seeker circuit is 

grids curves the path of focus. not connected with the beam-switch- 
ing circuits, because the center tap is 
neutral, 
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and screen, and the beam rapidly converges to a small spot after 
passage through the grids, as shown in Fig. 12-6. 

Also shown in Fig. 12-6 are the courses of the electron beam 
when there is no voltage between the two grids, when one grid 
is positive and the other negative, and when one grid is negative 
and the other positive. We see how the electrostatic lens is con- 
trolled to cause the beam to strike any one of the three phosphor 
strips. 

The beam is focussed in a straight line when there is no voltage 
between the grids. However, the beam will be focussed toward 
the direction of the positive grid, when there is a voltage differ- 
ence between the grids. 

We are fully aware of the fact that poor focussing in a black- 
and-white picture tube causes a blurred and fuzzy picture image. 
But we will understand from Fig. 12-6 that poor focus in a 
Lawrence tube also causes spurious color in the picture. 

Color switching is accomplished with about 500 peak volts a-c, 
as noted in Fig. 12-5. This switching voltage is generated in a 
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Fig. 12-8 The twin triode is a 25-watt oscillator which operates at 3.58 Mc. 


center-tapped resonator coil, also shown in the illustration. One 
terminal of the resonator coil is connected to one grid, and the 
other terminal of the resonator coil is connected to the other 
grid. Because many closely-spaced wires are used to form the 
grid structures, there is about 1,400 py»f of capacitance between 
the grids. This capacitance is shunted across the resonator coil, 
which has an inductance of about 1.5 ph. 
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This parallel circuit of L and C resonates at the color subcarrier 
frequency of 3.58 Mc. The center tap of the resonator coil is a 
neutral return point for the seeker voltage, as illustrated in Fig. 
12-7. Thus, the center tap has no connection with the color switch- 
ing action of the circuit. 

Fig. 12-8 shows the power oscillator circuit used to drive the 
resonator coil. The twin triode supplies about 25 watts to the 
resonator coil, which accordingly carries as much power as some 
amateur transmitters. The radiation, in turn, is quite strong, and 
is controlled by use of extensive shielding. 

Because a 3.58-Mc voltage is provided to the resonator coil, the 
scanning beam (see Fig. 12-6) moves up and down 3,580,000 times 
a second, in step with the color subcarrier signal. 

We may summarize the magnetic and electric forces acting on 
the electron beam as follows: 

1. The deflection yoke causes the beam to scan the grids just 

as in a black-and-white picture tube. 

2. The resonator coil is deflecting the beam up and down across 
the three phosphor strips. 

3. The high voltage between the grids and the aluminized 
screen narrows the beam down to a small spot, so that only 
one strip is struck at a time. 

Fig. 12-9 shows the tie-in between the 3.58-Mc voltage and the 

color displayed by the Lawrence tube. When the voltage reaches 
its positive peak value, the electron beam hits the red strip. As 
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Fig. 12-9 The relationship between the 3.58-Mc voltage applied to the 
grids, and the color displayed on the screen of the Lawrence tube. 


the voltage approaches zero, the beam hits the green strip. As 
the voltage reaches its negative peak value, the beam hits the 
blue strip. 

It is clear that as the beam scans the grids horizontally, the 
resonator voltage is rapidly wobbling the beam up and down to 
hit the three phosphor strips. A moment’s thought, with reference 
to Fig. 12-10, will show us that this is the condition for repro- 
duction of a black-and-white picture. During the scanning process, 


ONE-GUN COLOR PICTURE TUBES 211 
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Fig. 12-10 To reproduce a black-and-white picture, the beam is scanned 
horizontally while being deflected uniformly up and down over the three 
Phosphor strips. 

the beam causes the screen to rapidly emit a series of red, green, 
and blue flashes of light, which the eye sees as white or various 
shades of gray, depending upon the intensity of the electron 
beam. 

However, in order to reproduce a color picture, we must have 
synchronism between the incoming chroma signal and the color 
strip which is struck by the electron beam. That is, when the 
phase of the chroma signal is that of red, the scanning beam 
must be deflected to the red phosphor strip. Likewise, when the 
phase of the chroma signal is that of blue, the beam must be de- 
flected to the blue phosphor strip. 

The receiver circuits used with the Lawrence tube are the same 
as those used with the three-gun tube, up to a certain point. The 
picture signal is demodulated through the picture detector, and 
is passed through a two-stage video amplifier. This output is the 
Y signal, which has been discussed in detail in earlier sections. 

Also, as in a three-gun color receiver, the video signal is fed 
to a band-pass amplifier, to separate the chroma signal from the Y 
signal. As in the familiar IQ type of receiver, the Y and chroma 
signals are matrixed to form red, green, and blue (RGB) video 
signals. However, beyond this point, the similarity of the two 
receiver types ends. 

In the three-gun system, the R, G, and B signals are fed to the 
grids of the color picture tube. However, in the case of the 
Lawrence tube, these three signals are fed into “gating” circuits. 

The essentials of a gating circuit are depicted in Fig. 12-11. Con- 
sider the red gating circuit—the red video signal is applied to the 
control grid of a pentode amplifier tube. The tube cannot con- 
duct unless the 3.58-Mc voltage coupled into the grid circuit is 
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going through its positive peak. When the 3.58-Mc voltage is 
going through its negative peak, the pentode amplifier is cut off. 
This is the same 3.58 voltage that is applied to the grids in the 
Lawrence tube. 

In consequence of the gating action, a red video signal which 
is present on the grid will not get through to the plate when the 
3.58-Mc voltage is negative. However, the red video signal will 
appear in the plate circuit when the 3.58-Mc voltage is going 
positive. 
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Fig. 12-11 Essentials of the gating circuit used with the Lawrence tube. 
The simultaneous NTSC signal is converted to a sequential signal. 


The end result of this gating action is that the pentode passes 
the red video signal when the electron beam is striking the red 
phosphor strip. The pentode does not pass the red video signal 
when the electron beam is striking the blue phosphor strip, or 
the green phosphor strip. 

The brightness of the light from the red strip depends upon 
the output voltage from the pentode, which in turn depends upon 
the level of the red video signal present at the grid. Maximum 
output is 500 volts, approximately, which develops a saturated 
red light output from the red phosphor strips. To make this gating 
action clearer, refer to Fig. 12-12. Insofar as the red gate is 
concerned, signal voltage is applied to the cathode of the 
Lawrence tube only while the scanning beam is in position B. 
The red gate applies no voltage to the cathode of the Lawrence 
tube while the scanning beam is in the A or C positions. 

Refer again to Fig. 12-11, and note how the blue gate circuit 
operates in the same manner as the red gate. Only the phase of 
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the 3.58-Mc gating voltage is different. The output from the blue 
gate is also applied to the cathode of the Lawrence tube. Accord- 
ingly, while the beam is scanning the blue phosphor strip, any 
blue video signal on the control grid of the blue gate tube will 
produce a blue output from the picture tube. Thus the simul- 
taneous NTSC signal is converted to a sequential color signal by 
the gating actions. 

There is also a green gate circuit, which operates in exactly 
the same manner as described for the red and blue gates. Now, 
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Fig. 12-12 The red gate tube provides output only during the time that 
the scanning beam is in the B position. 


let us see how the color switching is accomplished in the Law- 
rence tube, to reproduce a color-bar pattern. This operation is 
illustrated in Fig. 12-13. The color-bar pattern is indicated at the 
top of the diagram, the motion of the scanning beam over the 
three-color phosphor strips is shown next below, individual gate 
outputs are then shown in turn, and finally the composite output — 
signal to the cathode of the picture tube is depicted. 

We observe that to reproduce a red bar, output is present from 
the red gate only. Because there is no output from either the 
blue gate or the green gate, the composite output at the cathode 
of the picture tube is merely the output from the red gate. A 
similar type of circuit action occurs for reproduction of the other 
two primary colors, blue and green. 

However, consider the reproduction of the complementary 
color, yellow. Yellow is a mixture of red and green. Hence, there 
is output from the red gate and from the green gate, but no 
output from the blue gate. The composite output signal applied 
to the cathode of the picture tube is a combination of the outputs 
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from the red gate and from the green gate. The electron beam is 
“on” while passing over the red and green phosphor strips, but 
is switched “off while passing over the blue phosphor strip. 
Hence, the screen displays a yellow field. 

It is interesting to compare the production of a red field in a 
Lawrence tube with production of a red field in a three-gun 
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Fig. 12-13. How a color-bar pattern is reproduced by the Lawrence tube. 


tube. Fig. 12-14 serves to remind us a red field is produced in 
a three-gun tube by the simultaneous use of the (R-Y), (B-Y), 
and Y signals. On the other hand, Fig. 12-13 shows how the red 
field is produced in the Lawrence tube by a sequential use of the 
three signals. 

It is seen from Fig. 12-10 that there are two green phosphor 
strips for each red strip, or for.each blue strip. Hence, the green 
gate must open and close twice as fast as the red and blue gates. 
This is the second harmonic voltage of the 3.58-Mc gating voltage 
seen in Fig. 12-8. The second harmonic of 3.58 Mc is 7.16 Mc— 
this double frequency is present with the 3.58-Mc frequency in 
the grid tank Ly. The output tank L, is tuned to 7.16 Mc, and 
this switching frequency is accordingly fed to the green gate tube. 


The Philco “Apple” Tube 


The Philco “Apple” tube is another form of one-gun tube which 
is making a bid against the three-gun shadow-mask picture tube. 
The name “Apple” is only a code-word, and has nothing to do 
with the tube as such. 
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Fig. 12-14 A color field is reproduced in a “‘three-gun” picture 
tube by “‘simultaneous”’ use of the chrominance and luminance 


signals. 
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Basically, the Apple tube uses vertical phosphor strips. The 
strips are alternately red, green, blue, red, green, etc., across 
the face of the tube. The single electron gun develops two beams, 
as indicated in Fig. 12-15. The beams have different intensities. 
The strong beam is called the writing beam. The weak beam is | 
called the pilot beam. 
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Fig. 12-15 The electron gun in the Apple tube develops two beams. 


Both beams are obtained from the same cathode, as shown in 
Fig. 12-16. The grid has two apertures, which splits up the 
emission from the cathode into the two beams. The gun is ar- 
ranged to provide a weak pilot beam which barely produces light 
from the phosphor strips. The writing beam, being strong, can 
develop full light output from the phosphor strips. 

The beam shield electrode shown in Fig. 12-16 prevents the 
writing beam from coupling into the pilot beam, and interfering 
with it due to modulation of the writing beam by video signal. 

The pilot beam is used to produce a sync signal. Inspection of 
Fig. 12-15 will show that there are index strips at intervals over 
the phosphor strips. The screen is aluminized, and the electrons 
pass easily through the film. The index strips are also thin, and 
the electrons pass through easily. However, the index strips are 
made of magnesium oxide, and whenever the scanning beams 
hits the magnesium oxide, a copious emission of secondary elec- 
trons is obtained. Aluminum does not emit secondary electrons 
—it is used only to increase the brightness of the screen. 

A magnesium-oxide index strip is located behind each red 
strip. Thus, whenever the electron beams cross an index strip, 
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Fig. 12-16 Both electron beams in the Apple tube are obtained from the 
same cathode. The writing beam is much stronger than the pilot beam. 


the strip emits a pulse of secondary electrons which are picked 
up as shown in Fig. 12-15. Thence, they are fed into control cir- 
cuits, which synchronize the horizontal sweep with the gating 
circuits. By this means, the gating circuits are opened and closed 
in accurate step with the scanning of the individual phosphor 
strips. 

The writing beam is modulated by the color signal. For exam- 
ple, when a red bar is to be reproduced on the screen, the in- 
tensity of the writing beam is brought to maximum each time 
a red phosphor strip is struck. On the other hand, the intensity 
of the writing beam falls to zero as the blue and green phosphor 
strips are struck. 

When a black-and-white area or picture is to be reproduced, 
the writing beam has a constant intensity while passing over all 
three phosphor strips. The blending of the red, green, and blue 
light outputs produce white or shades of gray. 

The writing beam is modulated by the video signal, and hence 
produces an interfering signal by secondary emission from the 
magnesium-oxide strips. It is necessary to use a circuit arrange- 
ment with the Apple tube which can separate the sync signal 
produced by the pilot beam, from the interfering signals produced 
by the writing beam. This is done by applying a 41.7-Mc carrier 
voltage to the pilot beam. 

The pilot beam, accordingly, varies at a 41.7-Mc rate. As it 
scans across the index strips, this 41.7-Mc frequency is modu- 
lated. The modulated carrier is separated from the interfering 
signals by a resonant circuit which is sharply tuned to the 
side-band frequency. By this means, a pulse output is obtained 
which is in step with the scanning of the index lines by the pilot 
beam (and therefore in step with the scanning of the phosphor 
strips by the writing beam). These pulses are used to control the 
gating circuits, which are similar to those discussed for the 
Lawrence tube. 
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A block diagram for an Apple-tube receiver is shown in Fig. 
12-17. Without going into great detail concerning circuit opera- 
tion, it is evident that while the one-gun picture tubes have 
many critical factors “built in,’ there is another side to the 
story—the chassis circuitry is much more complicated for the 
one-gun tube than for the three-gun tube. 

Between the Lawrence tube and the Apple tube, the Lawrence 
tube utilizes simpler circuitry. However, the circuitry required 
for the Lawrence tube is still more complicated than that re- 
quired for operation of the three-gun shadow-mask tube. 
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Fig. 12-17 Block diagram for color receiver using the Apple tube. The cir- 
cuitry required is more complex than that for the Lawrence tube. 


Section 13 


BASIC SET-UP OF 
THE COLOR PICTURE TUBE 


ASIDE from tube replacement, troubleshooting color-television 
receivers is most often concerned with set-up adjustments and 
problems. A complete set-up must be made after a color picture 
tube is replaced. Partial set-up is usually required at the time 
of installation of a color receiver. Touch-up of the convergence 
and purity controls is often required after receiving-tube re- 
placement. 


Location of Color Receiver Affects Purity 


Purity means the uniformity of color reproduction on the 
-sereen of the color picture tube. When purity is poor, a black- 
and-white picture or raster is tinted with spurious color. Colors 
also appear incorrectly in a color picture when purity is incorrect. 

Color receivers cannot be moved about a room, like a black- 
and-white receiver, without affecting purity in most cases. If 
a color receiver is moved to a new position or location, the 
resulting change in stray magnetic fields is likely to cause poor 
purity. 

Stray magnetic fields about a room will usually vary, due to 
piping in the walls, steam radiators or floor furnaces and vents, 
and any iron construction used in the building. The earth’s mag- 
netic field is weak, but has a small effect on purity. 


Room Lighting Affects Coloring of Picture-Tube Screen 


The three guns in a color picture tube can be balanced for 
daylight viewing, or for artificial lighting. However, the balance 
is not the same for both, and a picture tube which has been 
balanced for daylight will have a tinted raster when viewed 
under artificial light. 

Hence, when purity is to be adjusted on a picture tube, the 
technician should check with the set-owner, and ask about the 
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preferred room lighting. If the receiver is to be used chiefly in 
the daytime, the picture tube should be balanced for this condi- 
tion. Otherwise, the shades should be drawn, and the picture 
tube balanced for the condition of artificial lighting. 


Screen Controls Are Adjusted First, 
To Balance the Electron Guns 


To adjust the picture tube for a neutral (gray) raster, the 
screen controls for the red, green, and blue guns are adjusted to 
obtain a gray appearance of the screen. Before making further 
adjustments, the technician should remove the backboard from 
the receiver cabinet, and locate the high-voltage interlock. Note, 
however, that all color receivers do not use high-voltage inter- 


locks. 


Fig. 13-1 A high-voltage cheater used in color receiver set-up. 


If the receiver does not use an interlock, it may be turned on 
and operated without the backboard, just like a black-and-white 
receiver. However, if a polystyrene tube about four inches in 
length is withdrawn with the backboard, a high-voltage cheater 
(see Fig. 13-1) must be used. Insert the cheater into the high- 
voltage interlock in place of the poly tube which is removed with 


the backboard. 
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The receiver should never be operated with the high-voltage 
power supply shorted (no cheater in the high-voltage interlock). 
This will usually damage the high-voltage rectifier tube, and 
may blow the flyback fuse. In case the fuse is too large, the fly- 
back transformer can be damaged. Hence, care must be used to 
cheat the high-voltage interlock. 

Other types of high-voltage interlocks may also be found. One 
color receiver uses a wire lever on the back of the high-voltage 
cage. When the backboard is removed, this lever springs out, and 
shorts the high-voltage filter capacitor inside the cage. The 
technician will note that a hooked wire trigger is provided, in this 
case, which can be used to hold down the shorting lever. Then, 
when the backboard is finally replaced after troubleshooting is 
completed, the pressure of the backboard releases the hooked 
trigger, and the lever is ready to operate again, in case the set- 
owner should tamper with the receiver. 


Partial Cabinet Disassembly Is Often Provided 


Set-up of color receivers is often made easier by provision for 
partial disassembly of the cabinet. The top of many receivers is 
removable. In some cases, the side of the receiver is removable, 
or a swinging panel is provided. Set-up controls are often located 
behind small metal or wood panels on the front of the receiver. 
Other set-up controls are sometimes mounted behind the rim 
around the picture tube. 

After the technician makes the cabinet disassembly, he usually 
proceeds next to measure the high voltage, and to adjust the 
voltage if necessary. However, not all receivers require high- 
voltage adjustment. All color receivers operate at approximately 
25,000 volts, and supply considerable current to the color picture 
tube. Hence, any troubleshooting or adjustments of the high- 
voltage section must be done with care, or severe shock can be 
suffered. 

Some color receivers have a corona regulator tube, which auto- 
matically maintains the high voltage at 25,000 £1,000 volts. These 
receivers do not require adjustment of the high-voltage circuit. 
However, if a high-voltage rectifier tube weakens, e.g., the corona 
regulator tube may not “strike.” In such case, the picture focus 
is very poor, and the picture size changes with adjustment of 
the brightness and contrast controls. 

Corona regulator tubes are long-lived; they occasionally have 
to be replaced. To determine whether replacement is required, 
measure the high voltage with a VITVM (or VOM) and high- 
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voltage d-c probe. Make sure that there is at least 25,000 volts 
present. Then, turn the receiver’s brightness control up and down. 
If the picture size and the focus vary, the regulator tube must 
be replaced. 


Measure High Voltage Through the High-Voltage Cheater 


As seen from Fig. 13-1, the high-voltage cheater is hollow. The 
probe can be inserted down through the cheater to make contact 
with the high-voltage pin inside the high-voltage receptacle. This 
is a very convenient method of measuring the high voltage. How- 
ever, as was noted, not all receivers provide high-voltage re- 
ceptacles. 

When a receptacle is not present, it is usually possible to get 
access to the high-voltage filter capacitor, by removing the 
high-voltage cage. The base of the high-voltage rectifier tube is 
enclosed in a rounded metal corona cup, and this cup operates 
at the ultor voltage of the picture tube. The technician merely 
touches the tip of the high-voltage probe to the corona cup, to 
make the measurement. 

In a few receivers, indirect methods of high-voltage measure- 
ment may be provided. For example, there may be a cut-out on 
the side of the high-voltage cage, for connection of meter leads 
to a resistor. In a typical receiver of this type, a voltmeter is 
connected across the resistor, and a picture-tube voltage of 25,000 
volts is indicated by a meter reading of 0.9 volt. This is an indirect 
method of high-voltage measurement. 

A potentiometer is provided on the receiver chassis or high- 
voltage cage for adjustment of the high voltage in receivers which 
use triode regulators. The potentiometer is usually set for a:meter 
indication of 25,000 volts, although some receivers use a some- 
what different value of high voltage. Unless the value is ap- 
proximately correct, it is not possible to complete the set-up 
satisfactorily. Newer model color receivers, however, are less 
critical of high-voltage value than many older-model receivers. - 

The triode type of high-voltage system should be checked each 
time a service call is made, unless the convergence and purity are 
satisfactory. When a triode regulator tube is replaced, it is also 
necessary to adjust the high voltage. 


Make All Usual Black-and-White Receiver Adjustments 


After the high voltage has been adjusted (if necessary) to its 
correct value, the technician next makes all the usual black-and- 
white receiver adjustments, such as drive, height, width, linearity, 


ame. 
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and focus. It is quite important to make these adjustments before 
convergence, because they affect the convergence of the color 
picture tube. 

The linearity adjustments are conveniently made upon the 
basis of a white-dot or crosshatch pattern, as shown in Fig. 13-2. 
Convergence adjustments to be made require the use of a white- 
dot or crosshatch display as a guide to the technician. Dot and 
hatch patterns are obtained from generators. Some generators 
provide a choice of either a dot or a hatch signal. 


Static Convergence Adjustments Made 
After Black-and-White Adjustments 


The technician next makes the static convergence adjustments. 
The dot or crosshatch pattern is inspected in the central area of 


Fig. 13-2 (Above) White crosshatch pattern. (Below) White 
dot pattern. 
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the screen. If misconvergence is seen, as shown in Fig. 13-3, the 
beam magnets and blue lateral corrector are adjusted to converge 
the pattern in the center-screen area. 

On large-screen picture tubes, the beam magnets are mounted 
inside the convergence coils on the neck of the color picture tube. 
(See Fig. 13-4.) Small rods or knobs are provided just above or 
below the coil winding, for adjustment of the beam magnets. On 
small-screen color picture tubes, the beam magnets are located 
on a cylindrical mu-metal shield over the neck of the picture 
tube, as seen in Fig. 13-5. 

The blue lateral corrector is the device mounted nearest the 
base of the tube, as shown in Fig. 13-4. Small-screen picture tubes, 
however, do not have a blue lateral corrector. The lateral cor- 
rector looks somewhat like an ion trap, but there is no ion trap 


Fig. 13-3 (Above) Misconverged dot pattern. (Below) Mis- 
converged crosshatch pattern. 
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Fig. 13-4 Convergence coils are mounted on the neck of the color picture 
tube behind the yoke. The beam magnets are contained inside the cores of 
the convergence coils. There are three beam magnets. 

on a color picture tube. The screen is aluminized, as in many 
black-and-white picture tubes. 

Beam magnets rotate in the cores of the convergence coils in 
large-screen picture tubes. However, in the case of small-screen 
tubes, the beam magnets are threaded, and screw in and out. 
There are not many small-screen receivers in use, but you may 
occasionally be called upon to service one of the old-style sets. 

Fig. 13-6 shows the direction of motion of the beams (color 
dots) when the beam magnets and blue lateral corrector are ad- 
justed. The red and green dots always move on diagonals when 
their beam magnets are adjusted. The blue dot, on the other 
hand, always moves up and down when the blue beam magnet 
is turned. 

Note in Fig. 13-6 that the blue lateral corrector produces a hori- 
zontal motion of the blue dot. It is now apparent that adjustment 
of these four static convergence controls will converge the dots 
(or crosshatch lines) by bringing them together as shown in 
Fig. 13-7. When the three color dots (red, green, and blue) merge, 
a white dot is produced. 

You will find that adjustment of the static controls will provide 
convergence only in the center of the screen. Convergence at the 
top and bottom, and at the left and right edges of the screen is 
made with the dynamic controls. Hence, you watch the central 
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region of the screen only, when adjusting the three beam magnets 
and the lateral corrector. 


Blue Lateral Corrector May Be 
Mounted in 2 o’Clock Position 


As noted in Section 11, the blue gun in a color picture tube is 

always mounted either straight up or straight down. The blue 
lateral corrector magnet is mounted over the blue gun, but is 
not always mounted directly over the gun. When the lateral cor- 
rector is mounted directly over the gun, the blue dot moves left 
and right in response to adjustment, as illustrated in Fig. 13-6. 
- However, some receiver manufacturers rotate the blue lateral 
corrector magnet about 30° off the blue-gun position. This is 
called the “2 o’clock” position for the corrector. When mounted 
in this manner, the blue dot does not move left and right in a 
straight line. Instead, adjustment of the corrector magnet causes 
an elliptical motion of the blue dot. 
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Fig. 13-5 Small-screen color picture tubes have the beam magnets mounted 
in a sleeve-like mu-metal shield over the neck of the tube. Three magnets 
are present. 
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Hence, static convergence is a little more troublesome when 
the corrector magnet is in the 2 o’clock position. Technicians must 
usually make more back-and-forth adjustments between the beam 
magnets and the lateral corrector. When the receiver manufac- 
turer uses the 2 o’clock position, it is done to obtain better purity. 

Finally, it bears repeating that there is no blue lateral correc- 
tor provided in a small-screen receiver. Center-screen conver- 
gence in this case is made with the aid of the dynamic controls, in 
addition to the beam magnets, and the d-c convergence control. 
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Fig. 13-6 Color dot motions produced by adjustment of the three beam 
magnets. 

The purpose of the convergence adjustments is to eliminate 
color fringing from the picture. However, it should be observed 
that final convergence over the entire screen can never be made 
100% perfect. Center-screen convergence can be made practically 
perfect. Final edge-screen convergence is judged satisfactory if 
the viewer sees no noticeable misconvergence at a distance of four 
feet back from the screen. 


Don’t Forget Beam-Magnet Retractor Lever 


Some receivers are shipped with the three beam magnets re- 
tracted or moved away from the glass neck of the picture tube. 
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This retraction is made by throwing a lever to one side; the lever 
is mounted behind the deflection yoke. 

Most receivers do not have a beam-magnet retraction lever. 
However, sets that have the lever cannot be converged until the 
lever is thrown to the upright position, which lowers the beam 
magnets to the neck of the picture tube. The retractor lever has 
the purpose of preventing possible damage to the neck of the 
picture tube during transportation of the receiver. 


Purity Adjustments Are Made 
After Center-Screen Convergence 


The technician checks screen purity first on the red color 
field. The red field is obtained by turning off the blue and green 
guns in the picture tube. For this purpose, an adapter arrange- 
ment is available to the service trade. The adapter plugs on to 
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Fig. 13-7 How the three color dots are brought together to form white dots. 


the base of the picture tube in place of its regular socket. Switches 
provided on the adapter permit the technician to turn on individ- 
ual red, blue, and green color fields. 

Some color receivers have provisions for disabling the coal 
guns. For example, one manufacturer terminates the grid leads 
to the picture tube with plugs. The leads can be unplugged from 
their chassis circuits, and inserted into grounding jacks. Note 
that the leads to the picture tube are color coded. The grid lead 
to the red gun, e.g., is colored red. 
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The guns can be cut off in any case by turning down the 
screen and background controls to minimum. (Screen and back- 
ground controls were discussed in Section 10.) 


Red Screen Control Should Not Be Set Too High 


The red field is checked first. In adjusting the red screen con- 
trol, be careful that you do not turn it too high. In a very few 
color receivers, the red screen is fixed, and has no adjustment. 
Most receivers have a red screen control which can be turned 
to maximum without damage to the picture tube. But the tech- 
nician must be careful in this regard, since some receivers pro- 
vide a wide range of red-screen adjustment which could damage 
the picture tube. 

The receiver service manual usually states the maximum per- 
missible red-screen current, when a wide range of adjustment 
is provided. Screen current will usually be measured (when 
necessary) by connecting a voltmeter across a specified resistor, 
and adjusting the red screen control for a certain meter reading. 
The receiver service manual gives the necessary instructions, 
in such cases. 


Three Types of Adjustments Made to Obtain Good Purity 


There are three adjustments to be made for obtaining good 
field purity. First, the deflection yoke is slid along the neck of 
the picture tube to obtain the most uniform red field possible. 
Note that you do not push the yoke as far forward as it will go, 
as in the case of a black-and-white picture tube—instead, the 
yoke is positioned for best purity. Wing nuts, or sometimes hex- 
head screws, are provided for securing the yoke in position. Once 
adjusted, the yoke seldom needs attention. 

Next, the purity magnets are adjusted. These magnets were 
illustrated and discussed in Section 11, to which reference may 
be made. The purity magnets look like the flat ring centering 
magnets used on various black-and-white picture tubes. How- 
ever there are no centering magnets used on color picture tubes 
—instead, potentiometer centering adjustments are provided. 

You will note that adjustment of the purity magnets changes 
the centering of the picture, but re-centering is accomplished with 
the potentiometers. The purity magnets are adjusted for best 
red field purity. 

Each of the flat rings in the purity magnet assembly has a 
colored tab projecting. When these tabs are rotated to come 
together, the two magnetic fields of the purity magnets cancel 
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each other, and the weakest purity field is exerted through the 
neck of the picture tube. On the other hand, when the tabs are 
rotated 180° apart, the strongest purity field is obtained. Picture 
tubes usually require a little, but not too much field strength to 
obtain best purity. 

The purity magnet assembly also can be rotated as a whole on 
the neck of the picture tube, and this adjustment must also be 
made to obtain the best purity of red field. However, good edge 
purity cannot be obtained at this time—edge purity (within an 
inch of the extreme edges of the screen) is obtained by another 
series of adjustments. 


Note: In some receivers (particularly small-screen models) you will 
observe that an electromagnetic arrangement is used to obtain the purity 
field, as shown in Fig. 13-8. A potentiometer adjustment is used in this 
case to obtain suitable field strength. The coil is also rotated on the 
neck of the picture tube, to obtain the best field purity. 


Edge purity is adjusted by means of rim magnets, or sometimes, 
a rim coil. Most present-day receivers use rim magnets. Either 
six or eight rim magnets are provided, as illustrated in Section 11. 
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Fig. 13-8 You will encounter a few color receivers which use an electro- 
magnetic purity coil. 


Various means are used to adjust the rim magnets. In some 
receivers, the technician reaches into the receiver and adjusts 
the rim magnets at the outer edge of the picture tube. 

In other receivers, screw-head adjustments are available under 
the metal rim (removable) surrounding the picture tube. In this 
case, it is not possible to reach into the receiver for access to the 
rim magnets. In still other recivers, flexible rods are run from 
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the front of the picture tube back to the base of the tube, so 
that the magnets can be easily turned from the rear of the 
receiver. 

In most cases, adjustment of the rim magnets completes the 
purity adjustment, and the red field appears quite uniform 
throughout the entire screen area. However, in some cases, the 
red field purity is unsatisfactory—the red is tinged with green, 
or blue, or both. In such case, it is indicated that the picture tube 
or its shield structures are magnetized, and the trouble must be 
corrected by degaussing. 


How to Degauss a Picture Tube 


A degaussing coil consists of 300 turns of No. 22 magnet wire 
wound into the form of a large doughnut 18 inches in diameter. 
The coil is taped tightly, and the ends of the coil are connected 
to an eight-foot length of lamp cord. In use, the coil is plugged 
into a regular home or shop a-c outlet. The coil becomes over- 
heated if used for a long period of time. However, degaussing 
procedures only require a minute or two. 

Before using the degaussing coil, the rim magnets must either 
be removed or retracted into their shunts. Otherwise, the rim 
magnets will be demagnetized by the a-c field of the degaussing 
coil. In most cases, the picture tube can be degaussed satisfac- 
torily by placing the degaussing coil flat against the face plate 
of the picture tube for about 30 seconds. | 

The technician then backs away slowly, holding the coil in the 
same parallel position to the face plate. When six or eight feet 
away, the coil is then unplugged from the 117-volt line. Unless the 
coil is removed from the picture tube, unplugging the cord pro- 
duces a spark which will cause a surge of magnetism and leaves 
an undesired magnetized condition of the picture tube. 

Sometimes the picture tube, shield, or the chassis becomes 
magnetized in a manner which affects purity. In such case, de- 
gaussing may have to be done from the rear of the picture tube, 
or the chassis may need to be demagnetized from beneath. The 
technician must remove the beam magnets, lateral corrector, and 
purity magnets when degaussing the picture tube from the rear. 
Otherwise, these components will become demagnetized. 

After the picture tube and its surrounding metal structures 
have been degaussed, the red field can be obtained with good 
purity, unless the picture tube or yoke is defective. With good red 
field purity, the blue and green color fields usually are obtained 
with good purity. However, there are cases in which a compro- 
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mise purity adjustment must be made between the red, blue, and 
green fields. In this instance, the red field is favored over the 
blue and green. Viewers note impurities in the red colors before 
impurities in the blue and green. 


Final Check of the Gray Field 


The technician finally turns on all three guns for a final check 
of purity. The gray field is inspected for color tinting. If the 
tinting is slight, it is usually practical to make final touch-up of 
purity on the gray field. However, if tinting is substantial, it is 
advisable to re-check the three individual color fields. 

Table 13-1 lists faults which are common in set-up procedure, 
and shows the picture symptoms for each fault. Notes relating 
to the numbered troubles are provided in the following para- 
graphs having corresponding numbers. 


Discussion of Trouble Symptoms 


1 When the red beam magnet is misadjusted, color fringing is 
observed in black-and-white picture reproduction. If the mis- 
adjustment is slight, red and cyan fringing is seen in the picture. 
Considerable misadjustment also displaces the blue and green 
beams, causing other color fringes to appear. 

2 (See 1.) This discussion applies to central screen area only. 
(See Section 14.) 

3 (See 1.) Color fringing away from center screen is discussed 
in Section 14. 

4 The lateral corrector magnet is basically similar to a beam 
magnet. Note however, that a blue lateral corrector is not pro- 
vided in a small-screen receiver. Lateral correction is made dur- 
ing dynamic convergence adjustments, as explained in Section 14. 
5 When the high voltage is set to an incorrect value, the con- 
vergence cannot be completed satisfactorily (especially in older 
receivers), as explained in Section 14. When the value of the 
high voltage is much too low, the screen is dim, focus is poor, and 
the picture blooms when the brightness control is turned up. 
If the value of the high-voltage is much too great, the picture is 
narrow, the focus control may not have proper range, and in- 
- termittent arc-overs can occur. 

6 In case a corona regulator tube becomes defective, the value 
of the high voltage is uncontrolled. The symptoms are the same 
as for a faulty triode regulator tube: The picture changes size, 
loses focus, and blooms as the brightness and contrast controls 
are varied. Convergence and purity vary likewise. Sometimes 
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a corona tube appears to be faulty when the trouble is actually 
in the high-voltage supply, which fails to provide striking voltage 
to the regulator tube. 

7 Misadjusted purity magnets cause red, blue, or green tinting 
in various areas of a black-and-white picture, or in a raster. 

8 Incorrect positioning of the deflection yoke impairs purity and 
causes tinting of the raster and of black-and-white pictures. 

9 Rotation of the yoke causes the raster to slant on the screen. 
It also causes poor purity and convergence. Note that both picture 
tube and the yoke must be set straight, to correct all of the fore- 
going factors. 

10 Misadjusted rim magnets cause picture tinting at the outer 
edges of the screen. 

11 Small amounts of magnetism in the picture tube or its sur- 
rounding metal structures cause incorrect beam deflections, which 
impairs the purity and causes tinting of black-and-white pictures. 
12 When the red screen control is set too high, the red dot (or 
hatch line) will lose focus and “mushroom” or bloom. Excessive 
red screen current eventually results in shortened life of the pic- 
ture tube, and can warp the shadow mask, so that good purity 
and convergence cannot be obtained. 

13 If the red screen is set too low, the red dot or line will be 
dim or invisible. 

14 Too high a setting of the blue screen causes blooming of the 
blue dot. Remember that the blue screen operates in combina- 
tion with a blue background control for the blue grid. Excessively 
high or low settings of the blue background control can throw the 
blue screen control out of range. 

15 (See 13.) The same considerations apply for the blue screen. 
16 (See 14.) 

17 (See 13.) 

18 When the emission in the red gun is low, the red dot becomes 
dim. In consequence, the technician turns up the red screen con- 
trol past its normal setting, and turns down the blue and green 
sereen controls below normal. The commonly observed symptom 
is a blooming red dot, which mushrooms out over the green and 
blue dots. Note that the same considerations apply for the green | 
and blue guns. 

19 Excessive drive causes overscanning of the screen, and pro- 
duces drive lines and raster ringing. The drive line consists of 
one or two prominent vertical lines in the central raster area. 
Ringing lines are less prominent, and start vertically at the left- 
hand side of the screen. 
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20 Too little drive causes a narrow picture, and can also lead 
to erratic operation of the high-voltage regulator, in receivers 
using corona regulator tubes. 

21 Drift in the output voltage from the low-voltage power sup- 
ply (such as caused. by faulty selenium rectifiers or leaky elec- 
trolytic capacitors) results principally in a change in the cathode 
bias of triode high-voltage regulator tubes, which in turn causes 
marked variation in high-voltage output. The change in high 
voltage causes the color dots to drift and become misconverged on 
the screen. 


Keystone Correctors, Yoke Balancers, 
And Blue Lateral Size Switch 


Some color receivers have keystone correctors, yoke balancers, 
and a blue lateral size switch. These controls are used to obtain 
closer convergence than is otherwise possible. 

The dynamic convergence controls, in this type of receiver, 
are mounted in a convergence box. The box has a cable, which 
should be unplugged while the static convergence adjustments 
are made. The three beam magnets and the blue lateral corrector 
are first adjusted to obtain good center-screen- convergence. 

The horizontal yoke-balance coil (and slug) is located on top 
of the deflection yoke. The slug is adjusted to get even spacing 
between the red and green lines across the horizontal center row 
on the screen. 

The keystone correctors are crank controls. They are located 
at the top and bottom of the deflection yoke. The top keystone 
corrector is adjusted to obtain even spacing between the red 
and green lines across the top of the screen. The bottom key- 
stone corrector is adjusted for even spacing between the red 
and green lines across the bottom of the screen. 

The vertical yoke balancer is located on top of the deflection 
yoke. It is adjusted to make the red line fall below the blue 
line (or vice versa) at both the top and bottom of the screen. 
Sometimes the keystone correctors need touch-up adjustment 
after the vertical yoke balancer is set. 

There is also a blue lateral size switch in this type of color 
receiver. It is located over the blue lateral corrector. The switch 
is turned until the blue vertical lines fall exactly between the 
red and green vertical lines on the left and right sides of 
the screen. | 

The keystone correctors, yoke balancer, and blue lateral size 
switch are used to compensate for tolerances in the manufac- 
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ture of color picture tubes. Because the red, green, and blue 
beams must be converged very accurately to avoid color fring- 
ing, a small variation in the mounting of the electron guns can 
make close convergence difficult. These controls “take up” for 
small variations in gun positioning. 

As its name indicates, the keystone correctors eliminate any 
difference in the sizes of the red and green rasters at the top 
and bottom of the screen. The yoke balancers cause more or 
less sawtooth current to flow through the two windings in the 
deflection coils. This makes the scanning more even, and “takes 
up” for slight variations in yoke manufacture, as well. 

The blue lateral size switch controls the current flow through 
the blue lateral size coil. This is a coil mounted with the blue 
lateral corrector on the tube neck. Sawtooth current flows 
through the coil. When current flows in one direction, the 
blue raster width is increased. When current flows in the other 
direction, the blue raster width in decreased. There are eight 
positions on the blue lateral size switch. This makes it possible 
to adjust the blue raster width in small steps. 

The first switch position narrows the blue raster. The second 
switch position provides “normal” blue raster size. The third to 
last positions increase the blue raster size in small steps. Correct 
adjustment is obtained when the width of the blue raster is 
equal to the width of the red and green rasters. 


Section 14 


FINAL SET-UP OF 
THE COLOR PICTURE TUBE 


BASIC set-up adjustments and procedure were explained in 
Section 13. These topics are requisite to final set-up—that is, 
final set-up adjustments cannot be made satisfactorily unless the 
basic set-up has been completed. Final set-up includes ver- 
tical dynamic convergence, horizontal dynamic convergence, gun 
tracking, and chroma control adjustment. 


Vertical Dynamic Convergence 


After basic set-up has been completed, the color dots in the 
central screen will be converged to white dots. However, the 
color dots at the top and bottom of the screen, and at the left 
and right of the screen, will usually be misconverged. The reason 
for this misconvergence is that the radius of the tube face is 
longer than the radius of the electron beams; as shown in Fig. 
14-1. Hence, dynamic convergence is required to bring the color 
dots together in areas away from center screen. 


Note: As discussed in Section 13, the convergence procedure cannot 
be satisfactorily completed unless the drive, linearity, height, width, and 
focus adjustments have been made. 


Dynamic convergence is accomplished by adjusting the values 
of suitable a-c currents through three convergence coils mounted 
on the neck of the picture tube. (See Fig. 14-2.) The cores of 
the convergence coils produce an alternating magnetic field which 
is conducted and concentrated in the area of beam deflection by © 
magnetic vanes inside the neck of the color picture tube. Vertical 
dynamic convergence is accomplished by passing 60-cycle saw- 
tooth and 60-cycle parabolic waves of current through the con- 
vergence coils. _ 
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The vertical dynamic convergence controls are grouped by 
color, and by tilt and amplitude function. Thus, we have the 
following controls to adjust: 

1. Red vertical tilt control. 
. Red vertical amplitude control. 
. Blue vertical tilt control. 
. Blue vertical amplitude control. 
. Green vertical tilt control. 
. Green vertical amplitude control. 
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Fig. 14-1 Dynamic convergence is required because the screen radius A is 
greater than the electron beam radius B. 


The effect of adjustment of the vertical tilt controls is seen 
in Fig. 14-3. Note that the paths that the color dots travel is in 
the same direction as for beam-magnet adjustments (Section 13). 
That is, the red and green dots have diagonal paths, while the 
blue dots have vertical paths. 
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It is seen from Fig. 14-3 that the dynamic convergence controls 
have a very different basic function, compared with the static 
controls. Dynamic controls produce non-uniform motions of dots 
over the screen area—static controls produce uniform dot mo- 


MAGNETIC 
VANES 


Fig. 14-2 Dynamic convergence is made with three con- 

vergence coils which are magnetically coupled to vanes in the 

neck of the color picture tube. 
tions. It is also seen from Fig. 14-3 that the blue vertical tilt con- 
trol produces a different type of beam motion than do the red 
and green tilt controls. 

The red and green tilt controls actually tilt the color-dot col- 
umns. On the other hand, the blue tilt control changes the 
spacings of the blue dots, and no tilting action occurs. 

The effect of adjustment of the vertical amplitude controls is 
illustrated in Fig. 14-4. It is seen that the red and green amplitude 
controls produce curvature of the red and green dot columns. 
However, the blue amplitude control changes the spacings be- 
tween the blue dots. Compare the dot motions in Fig. 14-4 with 
those shown in Fig. 14-3—by memorizing the type of motion 
produced by the various controls, the dynamic convergence pro- 
cedure can be greatly speeded up. 
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An essential point to keep in mind is that the tilt controls will 
have no effect when the amplitude controls are turned to mini- 
mum—the amplitude controls must be turned part way up, to 
provide response from the tilt controls. 

The vertical dynamic convergence controls are adjusted to 
make the columns of red and green dots straight and parallel with 
the column of blue dots, as shown in Fig. 14-5. Technicians usually 
prefer a crosshatch pattern to white dots for this portion of the 
convergence procedure. Note carefully that this adjustment is 
made with reference only to the vertical center column of color 
dots (or lines), as illustrated in Fig. 14-6. 

The reason for disregarding all areas other than the vertical 
center column is that the vertical dynamic controls have their 
basic effect upon this center column. Other screen areas are 
affected by other convergence controls. 

You will note that adjustments of the dynamic convergence 
controls affects the adjustments of the beam magnets and blue 
lateral corrector, to some extent; before final convergence can 
be obtained along the center column, it will be necessary to re-_ 
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Fig. 14-3 Adjusting vertical tilt controls produces basic color-dot motions. 
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Fig. 14-4 The basic color-dot motions produced by adjustment of ine ver- 
tical amplitude controls. 
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adjust the beam magnets and lateral corrector. If you wish to 
eliminate the blue column during the red and green adjustment, 
this may be done. The blue grid lead to the picture tube can 
either be unplugged, or the blue screen control can be turned to 
minimum. Some technicians work with the blue gun on, while 
others turn the blue gun off during red and green adjustments. 

It is helpful to note that the blue vertical column can be used 
as a reference line for vertical dynamic convergence. That is, the 
red and green columns must finally come into line with the blue 
column. This is an important guidepost which can assist the 
beginner immensely. 

As has been noted in Section 13, it is impossible to obtain 100% 
convergence at all points on the screen of the picture tube. How- 
ever, if you can see no evidence of misconvergence at a distance 


Note: Some technicians prefer to turn the beam magnets slightly, to 
obtain clear separation of the red, blue, and green columns, as shown 
in Fig. 14-5. Others prefer to keep the beam magnets adjusted for 
center-screen convergence at all times. 
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of four feet from the screen, the convergence is considered to be 
satisfactory. 


Horizontal Dynamic Convergence 


In essential respects, horizontal dynamic convergence follows 
the same principles as vertical dynamic convergence. The tech- 
nician picks out the horizontal center row of color dots (or lines), 
as shown in Fig. 14-7, and disregards all other parts of the screen. 
The horizontal dynamic controls have their basic effect on the 
horizontal center line. 

The basic motions of the color dots produced by adjustment of 
the horizontal dynamic controls are seen in Fig. 14-8. The motions 
shown by the arrows are produced by adjustment of the hori- 
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Fig. 14-5 Photo shows vertical columns of red, green, and 
blue dots straight and parallel in the center column. 


VERTICAL CENTER HORIZONTAL CENTER 


COLUMN OF DOTS ROW OF DOTS 


Fig. 14-6 The vertical dynamic con- 
vergence controls are adjusted for 
convergence of the vertical center 
column of dots only. 


Fig. 14-7 Make the horizontal dy- 
namic convergence adjustments with 
respect to the horizontal center row 
of dots (or lines). 
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zontal phasing controls. The amount of motion obtained is deter- 
mined by the settings of the horizontal amplitude controls. Note 
that when the amplitude controls are turned to minimum, the 
phasing controls produce no response—it is necessary for the 
amplitude controls to be partially advanced to obtain phase- 
control response. 

Most technicians keep the central screen area converged to 
white dots or lines during the horizontal adjustments. However, 
as in vertical convergence, it is sometimes preferred to slightly 
misadjust the beam magnets to separate the red, green, and blue 
lines of color dots (or lines). In the horizontal procedure, it will 
be found very helpful to converge the red and green rows of dots 
(or lines) to the blue row as a reference. 

A good method to follow is to first bias off (or otherwise dis- 
able) the red gun. Then, adjust the green horizontal amplitude 
and the green horizontal phase controls to obtain the same spac- 
ing between the green dots and the blue dots all the way along 
the row. If the controls are far out of adjustment, you may find 
that some of the green dots are on the left, and some are on the 
right of the blue dots. The blue lateral corrector will usually need 
attention, to bring the blue and green dots close together—the 
closer the dots are spaced, the more accurately this adjustment 
can be made. 

Next, turn the red gun on, and bias the green gun off. Adjust 
the red horizontal amplitude and phasing controls to obtain the 
same spacing between the red dots and the blue dots all the way 
along the row. Again, it may be desirable to touch up the setting 
of the blue lateral corrector. 

With all three guns operating, equal spacings will now be 
observed between the red, green, and blue dots. However, if the 
amplitude and phasing controls are far out of adjustment to start 
with, it may be necessary to repeat the horizontal adjustments 
for the green dots. In most cases, touch-up adjustments of the 
vertical dynamic convergence controls will be required at this 
point. 

Adjust the beam magnets to obtain good convergence in the 
center-screen area. Touch up the red and the green horizontal 
controls, if required. We then proceed to the blue horizontal 
controls. 

The blue horizontal dynamic controls are adjusted, as described 
below, to make the blue row (or line) straight and parallel with 
the red and green rows (or lines). A good procedure is to turn 
the blue horizontal amplitude control to its maximum position. 
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The blue horizontal phasing control is “resonated.” When ad- 
justed for resonance, the blue dots have symmetrical and maxi- 
mum curvature, as shown in Fig. 14-8. 

After adjusting the horizontal blue phasing control for reso- 
nance, adjust the blue horizontal amplitude control to obtain a 
straight row of blue dots (or line). Then, touch up the blue hori- 
zontal phasing control to make the blue row parallel with the 
yellow (red and green) row. Finally, touch up the adjustment of 


RED DOTS 
(HORIZONTAL PHASING) 


GREEN DOTS 
(HORIZONTAL PHASING) 


BLUE DOTS 
(HORIZONTAL PHASING) 


Fig. 14-8 The basic color-dot motions produced by adjustment of the hori- 
zontal dynamic convergence controls. 
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the blue beam magnet and the blue lateral corrector, to com- 
pletely converge the pattern. 

Stand back from the screen four feet, and look carefully for 
any misconvergence. If any color fringing is visible, further 
touch-up adjustments should be made, as required. Note that if 
you can see color fringing in the corners of the pattern, it is 
sometimes possible to make slight compromise adjustments of the 
convergence controls which do not produce objectionable fringing 
along the vertical and horizontal “axes,” but which will notice- 
ably improve corner convergence. There are no specific controls, 
of course, for converging the corners of the pattern. 


Design Differences in Convergence Controls 


It must be noted that in some receivers, the red and green 
horizontal amplitude and phase controls are not separate. Instead, 
they are combined. In such case, the controls to be adjusted are: 

Blue horizontal-phase control 

Blue horizontal-amplitude control 

Red-and-green horizontal-phase control 
Red-and-green horizontal-amplitude control 
Red-and-green horizontal-phase balance control 
Red-and-green horizontal-amplitude balance control 

Thus, the blue controls are conventional, but the red and green 
controls are combined in function. Hence, the technician watches 
the red and green horizontal lines (or dots) simultaneously dur- 
ing the horizontal dynamic convergence procedure. 

Furthermore, a few color receivers use an electromagnetic blue 
lateral corrector, just as a minority of receivers use electromag- 
netic beam magnets, and electromagnetic rim coils. Receivers 
using an electromagnetic blue lateral corrector have a potentiom- 
eter for adjustment of the d-c current through the coil. An a-c tap 
switch may also be provided for obtaining better edge conver- 
gence—when the switch is correctly adjusted, the blue vertical 
lines fall between the red and green vertical lines precisely at 
both the left- and right-hand edges of the screen. 

A few receivers also provide yoke balancers for accurate edge 
convergence. Use a bar or crosshatch pattern, instead of a dot 
pattern, and observe the red and green lines across the central 
screen area. Adjust the tuning slug in the horizontal yoke- 
balancing coil to make the red and green lines parallel with 
each other from edge to edge of the screen. 

The purpose of the vertical yoke balancer is to provide equal 
beam deflections over the upper and the lower portions of the 
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screen. To check the adjustment of the vertical yoke balancer, 
observe the relative positions of a red and a green line at the 
top of the screen, and at the bottom of the screen. If you should 
observe that, at the top of the screen, the red line is above the 
green, but that, at the bottom of the screen, the green line is 
above the red, it is indicated that the vertical yoke balancer is 
in need of adjustment. The balancer is set correctly when the 
red and green lines are in the same relationship at the top and 
at the bottom of the screen. 

Some receivers also provide keystone corrector magnets. Two 
controls are provided, above and below the deflection yoke. The 
top control is adjusted to provide parallel horizontal red and 
green lines across the top of the screen. The lower control is 
adjusted to provide parallel horizontal red and green lines across 
the bottom of the screen. | 


Tracking the Picture Tube 


After the dynamic convergence adjustments have been satis- 
factorily completed, the next step in set-up is to make the track- 
ing adjustments for the picture tube. Since the picture tube uses 
three color guns, it is evident that unless all three guns provide 
balanced light outputs at all operating levels, the screen will 
not remain neutral. Instead, it will display an excess of red, or 
green, or blue, as the case may be. 

To understand the necessity for tracking the picture tube, it 
should be noted that the three guns produce non-linear light 
outputs from the screen. In other words, the light outputs in- 
crease faster than the signal voltage applied to the guns. More- 
over, each gun has a different amount of non-linearity. 

When we make the tracking adjustments, we obtain cross-over 
points for the outputs of the three guns. We cannot obtain perfect 
tracking, but we can make the three outputs substantially the 
same at various levels. The practical result is that the color bal- 
ance appears to be correct to the viewer over the normal bright- 
ness and contrast range. 

You will recall that this is not the first time that we have met 
the principle of “tracking.” Padding capacitors used in the local- 
oscillator section of some superhet receivers are used to make 
the local oscillator track with the r-f amplifier stage. Basically, 
this is the same principle which we use when we track a color 
picture tube. 

Tracking of the picture tube is checked by tuning in a black- 
and-white TV transmission. The picture should be displayed in 
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black, white, and gray tones. No evidence of color tinting should 
appear in either the highlights or the lowlights (the highlights 
are the bright portions of the picture, and the lowlights are the 
dark portions of the picture). If you observe any red, green, or 
blue tinting in the black-and-white picture, it is indicated that 
tracking of the picture tube is required. 

In case the picture appears to track correctly in the above test, 
you should make one further test, as follows: Turn the bright- 
ness control through its normal operating range, but do not ex- 
ceed the settings which would normally be used. With the bright- 
ness control turned up, again inspect the picture for evidence of 
tinting. Then, turn the brightness control down as far as the 
set-owner would normally turn it, and again inspect the picture 
for tinting. Repeat this procedure in the same manner with the 
contrast control. 

If you observe noticeable tinting of the picture in any of the 
above tests, the picture tube must be tracked. Tracking is ac- 
complished by adjusting the background controls and the screen 
controls. A typical group of tracking controls are: 


Red screen 

Green screen 
Green background 
Blue screen 

Blue background 


However, you will find a few receivers in which a red back- 
ground control is also provided, in addition to those noted. Again, 
you will find a few receivers in which the blue and green screens 
have a common blue-green screen control. However, these varia- 
tions in control layout do not affect the basic principles of 
tracking. 

Since adjustment of the red screen control has been discussed 
previously, it is assumed that this adjustment has been made 
within allowable limits of red screen current. The object of track- 
ing is to make the highlights in the picture white or a neutral 
gray, by suitable adjustments of the blue and green screen con- 
trols. It may also be necessary at this point to adjust the blue 
and green background controls, to get neutral highlights. 

Next, turn down the brightness control as far as would nor- 
mally be done, and again inspect the highlights for tinting. In 
case tinting appears, adjust the screen control for this color 
to restore neutral highlights. Then, advance the brightness control 
as high as normal in operation of the receiver. If the highlights 
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appear tinted, readjust the background control for this color to 
restore neutral highlights. 

These are useful general rules to remember in tracking a re- 
ceiver: 

Increase blue to correct a yellow tint. 
Increase green to correct a magenta tint. 
Decrease blue to correct a blue tint. 
Decrease green to correct a green tint. 
Decrease blue and green to correct a cyan tint. 
Increase blue and green to correct a red tint. 
To correct highlight tinting, adjust the blue and/or green 
background controls. 
To correct lowlight tinting, adjust the blue and/or green 
screen controls. . 
The above steps must be repeated, if necessary, to obtain a neu- 
tral raster over the normal operating range of the brightness 
control. It is advisable, also, to check for correct tracking over the 
normal operating range of the contrast control. The same track- 
ing procedure is used in either check. 

You will find cases in which the red screen voltage must be 
set lower than the maximum limit given in the tube or receiver 
service manual. This is the result of rather wide production toler- 
ances on picture tubes, and differences in tracking characteristics. 

You will also find cases in which good tracking cannot be ob- 
tained when the brightness control is set to maximum, and the 
screen controls are set to avoid picture blooming. That is, you 
will find in many cases that the screen and background controls 
must often be set in such manner that the picture will bloom 
when the brightness control is turned to maximum. This is not 
the most desirable situation, because a careless set-owner (or 
children) can easily damage the picture tube, then, by turning the 
brightness control too high. Hence, when this condition is un- 
avoidable, it should be clearly pointed out to the set-owner that 
too high settings of the brightness control can damage an ex- 
pensive picture tube. 


Adjustment of the Color-Killer Control 


Many color receivers have a color-killer control, which must 
be adjusted at the time of installation, and after tube changes. 
The purpose of the color killer is to disable the color circuits of 
the receiver during reception of black-and-white programs. Un- 
less the color circuits are disabled, noise and interference voltages 
can cause spurious color streaks and confetti to appear in the 
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black-and-white picture. The color-killer control is not a cus- 
tomer’s control—it is adjusted only by the technician. 


Note: You will find color receivers in which no color killer is provided. 
In such case, the color circuits are disabled during black-and-white 
reception by turning the color-intensity control to minimum. In this 
case, the set-owner must be instructed accordingly. 


To adjust a color-killer control, tune in a black-and-white pro- 
gram. Start with the color-killer control set to minimum, and 
advance the control until color noise and streaking are just elim- 
inated. Do not set the killer control higher than necessary, or the 
color signal may be eliminated or weakened. 


Note: Some color receivers have an AGC threshold control, and a 
noise-gate control, in addition to the color-killer control. These three 
controls will interact with each other. For this reason, it is advisable 
to first adjust the AGC threshold and the noise-gate controls, as in usual 
black-and-white reception, and then to adjust the color-killer control. 


Adjustment of the Color-Phasing 
And Color-Intensity Controls 


The color-phasing control is a customer’s control which will 
require touch-up adjustment from time to time by the user. The 
color-phasing control is adjusted to provide a correct color spec- 
trum in the picture. It is usually adjusted on the basis of flesh 
tones, since the viewer is most critical of the actors’ flesh tones 
in the picture. 

- In case a color program is not on the air at the time, the color- 
phasing control can be adjusted with the aid of a color-bar signal, 
or a rainbow signal. There are two basic types of color-bar gen- 
erators available to the service trade. The more elaborate type 
of instrument is termed an NTSC 100% saturated color-bar gen- 
erator. This type of instrument provides true primary and com- 
plementary colors, with black and white bars also. 

The less elaborate type of instrument is called a rainbow gen- 
erator, or color simulator. This type of generator provides color- 
difference bars. The bars are neither saturated nor true colors. 
A rainbow pattern looks dim and bluish, compared with an NTSC 
saturated color-bar pattern. However, a rainbow pattern is almost 
as useful as an NTSC bar pattern for adjustment of the color- 
phasing control. 

If you use an NTSC color-bar generator, the sequence of colors 
which is provided will depend upon the brand of instrument. 
Various manufacturers design NTSC generators to provide dif- 
ferent sequences of color bars. For example, the Hickok gen- 
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erator has the sequence: Green, yellow, red, magenta, white, 
cyan, and blue. On the other hand, the Hycon generator displays: 
White, yellow, cyan, green, magenta, red, and blue. 

The color-phasing control is adjusted to obtain the specified 
sequence of color bars. If the color-phasing control is misad- 
justed, all of the color bars will display incorrect hues. White 
and black bars are unaffected, however, by misadjustment of the 
color-phasing control, because white and black are not colors. 
To illustrate the effect of misadjustment of the color-phasing con- 
trol, compare the following bar sequences: 


Hickok NTSC Color-Bar Pattern 


Correct Phase: Green, yellow, red, magenta, white, cyan, blue, 
and black. 

Incorrect Phase: Cyan, green, yellow, red, white, blue, and 
black. 

If you should have difficulty in tuning the receiver to display 
the color-bar pattern satisfactorily, the following procedure 
should be observed: 

1. Always adjust the receiver first for a good black-and-white 

pattern (turn color-intensity control down to minimum). 

2. Turn the contrast control for normal appearance of the gray 
bars in the pattern. (Note the white bar and black bar in 
particular.) 

3. Set the brightness control for normal screen brilliance. 

4. Adjust the fine-tuning control for the best pattern defini- 
tion (obtained when the 920-kc sound beat is just tuned 
out of the picture). 

5. Advance the color-intensity control and set to the level at 
which the color is neither weak and “washed out,” nor at 
the level where the color appears over-intense and muddy. 

6. Adjust the color-phasing control for the correct order of 
color bars. 

7. Readjust the fine-tuning control slightly, if necessary, to ob- 
tain the best color reproduction. 


Rainbow Display Used in Set-up 


If a‘rainbow display is used, instead of a 100% saturated NTSC 
color-bar display, the color-phasing control is adjusted to bring 
a dim orange into view at the left-hand side of the screen, and 
a bright green at the right-hand side of the picture. You will 
note that as the color-phasing control is adjusted, the entire rain- 
bow spectrum shifts left and right on the screen. 


FINAL SET-UP OF THE COLOR PICTURE TUBE 255 


As noted in Section 8, some rainbow generators are keyed. The 
rainbow pattern is gated into 10 bars. When the color-phasing 
control is adjusted correctly, the first bar will appear a dim 
orange, and the last bar will appear a bright green. The third bar 
will appear a bright red. 

Note that the brightness control must be set somewhat higher 
when a rainbow pattern is used. This is due to the fact that the 
rainbow signal has no Y voltage, and this lack must be com- 
pensated by turning up the brightness control somewhat higher 
than normal. 

It is necessary to observe that the color-phasing control cannot 
be set permanently for use on all channels. You will find that 
color-TV transmissions vary somewhat, i.e., the phase of the 
burst will vary from one station to another. The burst phase 
also varies slightly when one station switches from network pro- 
gramming to studio programming. Furthermore, the burst phase 
varies from channel to channel, due to variations in antenna 
response. 

For these reasons, it is not possible to adjust the color-phasing 
control once and for all. The set-owner will find it necessary to 
touch up the adjustment of the color-phasing control at intervals. 
Hence, this is an important point of customer instruction. 

The same general observation applies to adjustment of the 
color-intensity control. The level of the color signal varies from 
station to station. Of course, the signal level from a generator 
is also different from that of a station. For this reason, it must 
be clearly explained to the set-owner that readjustment of the 
color-intensity control is required at various times. 

The following numbered paragraphs discuss important points 
concerning the trouble symptoms listed in Table 14-1: 

1 When the red vertical tilt control is set too high, the red dots 
are too far left at the top of the screen; they are too far right at 
the bottom of the screen. 

2 This response is the opposite of that in 1. 

3 If the red vertical amplitude control is set too high, the red 
dots bow out to the right at the center of the screen. 

4 Opposite of 3. 

5 When the green vertical-tilt control is set too high, ihe green 
dots are too far right at the top of the screen, and too far left 
at the bottom of the screen. 

6 Opposite of 5. 

7 In case the green vertical-amplitude control is set too high, 
the green dots bow to the left at center screen. 
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8 Opposite of 7. 

9 The blue dot moves up and down only, when the vertical-tilt 
control is adjusted. 

10 See 9. 

11 See 9. Dot motions are somewhat different, but general re- 
sponse is similar. 

12 See 9. 

13 This is the principal effect. However, minor dot motions also 
occur, due to interaction of the dynamic controls with each other, 
and with the static controls, to some extent. 

14 See 13. 

15 The principal dot displacement is noted at center screen— 
however, there is some displacement at the edges of the screen 
also. 

16 See 15. 

17 See 13. The principles noted for red apply to green also. 

18 See 13. 

19 Same general symptom as 17. It is not usually possible for 
a technician to observe the dot pattern and to say definitely 
whether the amplitude or the phasing control for green (or red) 
is misadjusted. 

20 See 19. 

21 See Fig. 14-8. 

22 See Fig. 14-8. 

23 See Fig. 14-8. 

24 See Fig. 14-8. 

25 When the red-screen control is set too high, which is possible 
in some receivers, the red-beam current becomes excessive and 
the beam loses focus. 

26 Too low setting of the red screen causes an excess of green 
and blue, causing a cyan tint in the picture. There is only one 
position, usually, at which the red-screen control can be set and 
good tracking obtained. This point must be sought by trial. 

27 Too high a setting of the green-screen control causes a green 
picture tint. Then, if the green-background control is also set too 
low, the lowlights in the picture will appear greenish, while the 
highlights appear white. 

28 Too low a setting of the green screen causes a magenta 
picture tint. Then, if the green-background control is set too high, 
the highlights in the picture appear greenish, while the lowlights 
appear normally dark gray. 

29 See 27 and 28. 

30 See 27 and 28. 
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31 See 27 and 28. The same general principles apply for blue, 
as for green. 

32 See 27 and 28, for principle. 

33 See 27 and 28, for principle. 

34 See 27 and 28, for principle. 

35 The entire color spectrum shifts when the color-phasing con- 
trol is misadjusted—all colors in the picture are incorrect. Adjust 
for best flesh tones. 

36 See 35. 

37 Too little color intensity causes weak and “washed out” hues. 
Too much color intensity not only produces abnormal level of 
color, but overloads the chrominance circuits and causes muddy- 
ing and distortion of the hues. 

38 See 37. 

39 When the color killer is set too high, no chrominance signal 
can get through. When set too low, random-noise pulses gain 
entry to the chrominance circuits during black-and-white recep- 
tion. When set on the “ragged edge,” the colors lose proper 
intensity, and often fluctuate. 

40 See 39. 

41 When the fine-tuning control admits 4.5-Mc sound into the 
picture, this beats with the 3.58-Mc subcarrier to form a 920-kc 
beat pattern in the picture. 

42 When the fine-tuning control is tuned too far toward the 
picture carrier, the chrominance signal is run off the response 
curve, and color disappears from the picture. 


The Color Stripe 


The color stripe is a special chroma signal which is added 
to some black-and-white broadcasts. The color stripe consists 
of two burst signals, located at the beginning and at the end 
of each horizontal scanning line. Both of the bursts have the 
same phase (same as —(B-Y) ), and both have the same fre- 
quency (3.579545 Mc). 

The color stripe provides a reference chroma signal for set-up 
of color receivers. The stripe does not interfere with the black- 
and-white program. On a black-and-white receiver, the color 
stripe appears as a faint vertical bar of herringbone at the left- 
and right-hand sides of the picture. It cannot be seen at normal 
viewing distance. 

On a color-TV receiver, the color stripe is normally “killed” by 
the color killer, and appears as a faint vertical bar of herringbone. 
However, if the color-sync section of the color receiver is suitably 
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modified, as by delaying the burst-gate pulse (Section 15), the 
color stripe becomes visible. 

The stripe then appears as an olive-green vertical color bar 
at the right-hand side of the black-and-white picture. It locks in 
color syne. However, if the receiver has poor color sync, the 
stripe then appears like a red-green-blue barber pole. Any color 
signal appears as red-green-blue rainbows when color sync is lost. 

The color stripe changes hue when the color-phasing control is 
adjusted. In set-up procedures, the color-phasing control is ad- 
justed to make the stripe look an olive-green hue. The stripe is 
less useful than a color-bar signal, because only one color is avail- 
able. Also, olive-green is a non-standard color which is more 
difficult for the technician to judge and match. 

You can display a color stripe on the screen of a color picture 
tube without delaying the burst-gate pulse. All that is required 
for display is to turn down the color-killer threshold to minimum. 
The stripe then appears on the screen. However, it does not lock 
in color sync. It appears as a colored barber pole. 

It should be noted that the color-stripe signal does not appear 
on the back porch of the horizontal sync pulse. It is located within 
the edge of the picture. This is why the stripe does not become 
accepted by the color-sync circuits under normal operating condi- 
tions. The stripe arrives late, compared to a true burst signal. 
Hence, the burst-gate pulse has to be delayed in order to make 
the color-sync circuits accept the color-stripe signal, and lock the 
stripe in color sync. 


Section 15 


BURST AMPLIFIERS 


BURST amplifiers are utilized only in color-TV receivers. How- 
ever, we may compare a burst amplifier to the sync-separator 
section of a black-and-white receiver. The burst amplifier oper- 
ates to separate the color burst from the complete color signal. 
In this manner, the burst is obtained free from interfering video 
signal, which would otherwise cause loss of color sync. 

The burst amplifier is keyed, or gated, like a band-pass amplifier, 
with one important difference: A band-pass amplifier is usually 
gated “off” during the burst interval, while a burst amplifier is 
gated “on” during the burst interval. You will recall that a few 
color-TV receivers are arranged to obtain the burst signal from 
the band-pass amplifier—in these receivers, both the band-pass 
amplifier and the burst amplifier are gated “on” during the 
burst interval. 

The burst amplifier is gated in a manner which makes it com- 
pletely inoperative during the horizontal scanning interval. The 
gating pulse is often applied to the screen of the burst-amplifier 
tube, as shown in Fig. 15-1. The screen operates at zero volts 
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Fig. 15-1 The burst amplifier is gated “‘on’’ during the burst interval by a 
positive pulse voltage applied to the screen of the burst-amplifier tube. 
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during the forward trace. During the burst interval, however, a 
positive pulse is applied to the screen, which keys the tube into 
conduction. This pulse voltage is obtained from a winding on the 
flyback transformer, as illustrated in Fig. 15-2. 

Typical operating voltages are also shown in Fig. 15-2. The 
voltage at the terminals of the gate winding on the horizontal- 
output transformer is 440 peak-to-peak volts. This voltage can 
be checked with a calibrated scope. 

The terminals of the gate winding must be connected properly 
to the resistor and capacitor shown in Fig. 15-2. If the winding 
is reversed, the burst amplifier will not be keyed “on” during 
the burst interval—a negative-going pulse will be applied to the 
screen of the tube, which will cut it off and cause loss of color 
sync. 

The voltage at the screen of the burst amplifier is 170 volts 
peak-to-peak in the positive direction, and 120 volts peak-to-peak 
in the negative direction. Note that the 170-volt pulse is delayed 
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Fig. 15-2 A typical burst-gating arrangement, in which a positive-going pulse 
is applied to the screen grid of the burst-amplifier tube. 
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with respect to the flyback pulse seen at the gate winding ter- 
minals. This delay is necessary to make the positive gating pulse 
arrive at the burst-amplifier tube in time with the color burst. 
The color burst is located on the back porch of the horizontal- 
sync pulse—hence its timing is slightly later than the sync pulse. 
This delay of the gating pulse is accomplished by the 270-pyf 
capacitor, the 3.3-K resistor, and the 10-K resistor. If these values 
should be incorrect, color sync is impaired. 

Fig. 15-2 also shows that the only portion of the chroma signal 
passing through to the plate of the burst amplifier is the color 
burst. All of the color signal information between bursts is elimi- 
nated by the burst amplifier. 


BURST 


GATE PULSE 


Fig. 15-3 Waveform shows correct timing of burst-gating 
pulse. 


A check with a scope at the plate of the burst amplifier shows 
a waveform similar to that illustrated in Fig. 15-3. The gate pulse 
is amplified from screen grid to plate, and the burst is amplified 
from control grid to plate. The burst should “sit” squarely on 
top of the gating pulse. This is the method by which gate timing 
is checked. If part or none of the burst is seen on top of the 
gating pulse, the technician knows that the timing circuit is 
- faulty. Defects in timing cause partial or complete loss of color 
sync. 

The manner in which the center-tapped gate winding and the 
RC network delay the gating pulse is illustrated in Fig. 15-4. 
A negative-going rectangular wave is present between point A 
and ground, as shown. This wave becomes differentiated in pas- 
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sage through C201 and R202. The output to the burst amplifier 
is taken from across R202, and would be a negative pulse at 
burst time, except for the other half of the winding. 

Between point B and ground, there is a positive-going rectang- 
ular wave present, as shown. This wave is added to the pulse 
output noted above in the resistive divider composed of R201 and 
R202. It is seen that when the two waveforms are added to- 
gether, the combined output is a delayed waveform. 

Some color receivers use a burst amplifier with a gated 
cathode circuit, as seen in Fig. 15-5. A negative-going pulse is 
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Fig. 15-4 Details of gate delay circuit used in the Motorola receivers. 
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required at the cathode to gate the tube open, as shown. The 
timing considerations are the same, whether the cathode or the 
screen of the burst amplifier is gated. | 

You will also find diodes used as burst-gate tubes in some 
receivers, as illustrated in Fig. 15-6. The chrominance signal 
would be applied to the phase detector continuously, except for 


the short-circuiting action of the gate diode. The diode is shunted 
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Fig. 15-5 The cathode is gated in some burst-amplifier circuits. 


across the burst take-off coil, and normally damps the coil so 
that little or no chrominance voltage appears across its terminals. 
The diode has a low plate-cathode resistance. 

However, a positive pulse is applied to the cathode of the 
diode tube from the flyback transformer. This positive pulse 
arrives during the burst interval, and cuts off the diode. The 
shunting action of the diode is eliminated while the pulse is 
present, and the burst is fed to the 6BJ7 phase detector. 

The color-phasing control is often a part of the burst-amplifier 
circuit. For example, the tunable core in the burst take-off coil 
(Fig. 15-6) is the color-phasing or hue control. Detuning the coil 
slightly to one side or the other of 3.58 Mc causes the burst 
signal applied to the phase detector to lead or lag, as desired. 
Instead of a powdered-iron core, a small variable capacitor is 
often used to tune the burst take-off coil, and operate as a color- 
phasing control, as seen in Fig. 15-7. 

However, you will find the color-phasing control placed in the 
plate circuit of the burst amplifier in other receivers, as seen in 
Fig. 15-8. As the color-phasing control is tuned through the 
3.58-Mc resonance point, the reactance of the parallel LC circuit 
changes from capacitive to inductive—this produces the desired 
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lead or lag in the burst signal. In this manner, any small un- 
balances in the phase-detector and reactance-tube circuits, as 
well as any small mistuning of the 3.58-Mc subcarrier oscillator 
can be compensated by adjustment of the color-phasing control. 

You will also find color receivers in which the gating tube is 
separate from the burst-amplifier tube. An arrangement of this 
kind is shown in Fig. 15-9. Here, a triode is used as the gating 
tube, and the gating pulse is applied to its control grid. The 
burst amplifier is a pentode, and is gated at the cathode—a nega- 
tive-going pulse is used for gating. The burst amplifier is held 
cut off during the forward scan by the B+ voltage applied to 
its cathode. However, during the flyback time, the gating tube 
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Fig. 15-6 A diode is used as a burst-gate tube in some color receivers. 
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applies a negative-going pulse to the burst amplifier’s cathode, 
and the burst passes into the plate circuit. The negative-going 
pulse on the plate of the gating tube is obtained by means of a 
positive-going pulse applied to the grid of the gating tube. 

In all burst-gating arrangements, the gating pulse is made 
quite steep. This assures that the burst amplifier will be open 
no longer than necessary to pass the color burst. A gradually 
sloped gating pulse permits noise and interfering voltages to 
gain entry into the color sync circuits, and causes poor sync 
action. 
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Fig. 15-7 Small variable capacitor across burst take-off coil operates as 
color phasing control. Main tuning of take-off coil is with a powdered-iron slug. 


Since the burst is a 3.58-Mc sine wave, it might be supposed 
that this is the only frequency in the burst signal. However, 
side-band frequencies are also present. These side bands are not 
nearly as wide as the chrominance signal side bands, but they 
extend out to +300 ke on either side of the 3.58-Mc subcarrier. 
The side bands are generated by the modulation of the burst 
signal into a pulse waveform, as it appears on the back porch of 
the horizontal-sync pulse. 

Since the color burst has a band width of 600 kc, the tuned 
circuits in the burst-amplifier section must have sufficient band 
width to pass the burst without serious distortion of the leading 
and trailing edges. However, the band width must not be so great 
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that interference in the vicinity of 3.58 Mc can gain entry to the 
color sync circuits. Thus, the burst amplifier has a band width 
of 600 kc, with response from 3.3 to 3.9 Mc. 


Checking the Burst Amplifier 


Proper operation of the burst amplifier requires a gating pulse 
with correct voltage and correct timing, and a burst signal of 
correct voltage. A wide-band scope, calibrated for peak-to-peak 
voltage indication, is used at the grid of the burst amplifier to 
check the burst signal. A low-capacitance probe should be used 
to avoid loading the burst amplifier’s grid circuit. 


PHASE DET. 
COLOR 
PHASING 
CONTROL 
CORRECTION 


VOLTAGE 


B+ 


Fig. 15-8 The color-phasing control is located in the plate circuit of the 
burst amplifier in some receivers. Main tuning of the plate circuit is by means 
of the slug in the plate coil. 
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Fig. 15-9 The gating tube is separate from the burst amplifier in this 
. arrangement. 
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A scope is also used to check the peak-to-peak voltage of the 
gating pulse at the screen grid or cathode of the burst amplifier. 
If this voltage also checks correctly (within +20% of specified 
value), the scope can next be applied to the plate of the burst 
amplifier to see whether the timing of the gating pulse is correct. 
As noted above, correct timing is indicated by the burst signal 
riding squarely on top of the gating pulse. 


Note: These tests can be made with either a color-TV broadcast signal, 
or with a color-bar generator signal. The generator signal is free from 
interference, and is usually more satisfactory. However, it should be 
noted that not all generators provide accurate timing of the burst with 
respect to the horizontal sync pulse, as illustrated in Fig. 15-10. The 
accuracy of timing tests is no greater than the accuracy of the generator. 
(See “Color Burst” in the index.) 


Fig. 15-10 Burst in upper photo is timed closer to the 
horizontal syne pulse, than in the lower photo. Color-bar 
generators vary in this regard. ; 
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Weak or no color sync can be caused by a weak burst signal 
at the grid of the burst-amplifier tube, or by a weak pulse from 
the gating circuit. Wrong timing of the gating pulse causes in- 
stability or loss of color sync. Incorrect plate voltage, leaky cou- 
pling capacitors, or drift in resistor values also cause trouble. 
Wrong tuning of the burst take-off coil or band-pass amplifier can 
cause trouble. 

Other tests of gate timing can be made. An (R-Y) signal bar 
can be applied to the receiver (see Fig. 15-11). It is necessary that 
the bar signal follow the burst immediately. For example, the 
bar signal shown in Fig. 15-12 does not meet requirements for 
checking burst-gate timing. 


Fig. 15-11 Suitable signal for testing gate timing. The 
(R-Y) signal follows burst closely. 


Fig. 15-12 The black bar between burst and the 
chroma signal make it unsuitable for testing abnormal 
gate pulse delay. 
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With the (R-Y) bar displayed on the screen of the picture 
tube, the operator varies the voltage of the bar, without changing 
the voltage of the burst. Most color-bar generators provide suit- 
able controls for this test. If the hue of the (R-Y) bar remains 
constant, changing only in brightness as the level is varied, it 
is indicated that the burst-gating pulse is not abnormally delayed. 
Abnormal delay permits part of the (R-Y) bar to enter the burst 
amplifier, and changes the resulting phase of the burst. The 
amount of change depends on the level of the (R-Y) signal, and 
this causes a change in hue on the picture-tube screen. 

This test serves only to show whether the gate is abnormally 
delayed. It does not show if the gate may be earlier than de- 
sirable. Note that an (R-Y) signal must be used, and that a (B-Y) 
signal is unsuitable. A (B-Y) signal has the same phase as burst, 
and will not change the hue appearing on the screen in case 
the gate pulse is abnormally delayed. 


Rainbow Signal Sidelocks in Color Sync, 
But Is Unsuitable for Gate-Timing Tests 


A rainbow signal is a continuous sine wave with a frequency 
of 3.579545 Mc minus 15,750 cycles, or 3.563795 Me. It locks in 
color sync, and hence is called a sidelock signal, because its fre- 
quency occurs to one side of the burst frequency. A rainbow 
signal locks in color sync because its phase lags behind the sub- 
carrier oscillator phase, and returns to its starting phase at the 
end of each horizontal scan. 

The burst amplifier gates out a small portion of the rainbow 
signal at the end of each horizontal scan, as shown in Fig. 15-13. 
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Fig. 15-13 The rainbow signal locks in color sync because it returns to its 
starting phase during gate time. 
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Table 15-1 
BURST AMPLIFIERS 


Action on Station Signal 
and Go in Color Picture 


Stations Only 
Loss of Color Sync 


Color Sync Jumps In and Out 
Incorrect 


No Color Syne 

Poor Color Sync 

Hues Change in Picture 
Fine Tuning Control Critical 
Color Sync on Strong 

Noise Causes Momentary 
Color Sync Different from 
All Color in Picture 
Horizontal Rainbows Come 


FLYBACK TRANSFORMER 


1 Gate winding open or 
shorted 


PULSE DELAY NETWORK 
2 Incorrect R or C values 
BURST TAKE-OFF COIL 
3 Wrong tuning 
BAND-PASS AMPLIFIER 
4 Poor alignment 


BURST-AMPLIFIER CIRCUIT 
5 Low plate voltage 


6 Leaky grid capacitor 
7 Mistuned plate circuit 


8 Off-value cathode 
resistors 

9 Wrong polarity gate 
pulse 


10 Weak gate pulse 


GENERATOR TEST SIGNAL 
11 Burst time wrong 


12 Video polarity wrong 


This sample of the rainbow signal is used as a burst signal, and 
locks the color-sync circuits. The sample gated out operates 
exactly like a burst in the color-sync circuits (see Fig. 15-14), and 
the subcarrier oscillator locks up on the —(B-Y) phase, which 
is burst phase, during the gate interval. Hence, a rainbow in 
color sync always displays orange at the left-hand side of the 
screen, followed by red, blue and finally green at the right-hand 
side of the screen. 

Since the rainbow signal is a continuous signal, it is not suitable 
for making a gate-timing test. However, a keyed rainbow gen- 
erator, which provides a rainbow burst following the horizontal- 
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sync pulse serves satisfactorily. Keyed rainbow generators pro- 
vide sync pulses with 11 rainbow bursts in between pulses. The 
first burst is used by the receiver for color-sync lock, and does 
not appear on the screen. The following ten bursts provide a 
display of a rainbow spectrum in the form of 10 bars of simu- 
lated color. 
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Fig. 15-14 The gated-out sample of the rainbow signal operates as a color 
burst and is processed as a —(B-Y) locking signal, as in usual operation with 
a 3.58-Mc burst signal. 

The following numbered paragraphs give useful data concern- 
ing the symptoms of burst-amplifier trouble listed in Table 15-1: 
1 When the gate winding is open or shorted, no gating pulse 
is applied to the burst-amplifier tube, and the color burst does 
not get through. For this reason, color sync is completely lost. 

2 Incorrect R and C values in the delay networks between the 
flyback transformer and burst amplifier produce a wide variety 
of symptoms. The gating pulse is often weakened, shifted too 
early or too late, or may even be reversed in polarity. All com- 
mon symptoms of color-sync trouble can result. 

3 Wrong tuning of the burst take-off coil always weakens the 
color burst and causes faulty color-syne action. Moreover, cer- 
tain degrees of mistuning shifts the burst phase beyond the range 
of the color-phasing control, so that all colors in the picture are 
incorrect. . 

4 Poor alignment of the band-pass amplifier weakens the color 
burst in those receivers which drive the burst amplifier from the 
band-pass amplifier. When the color burst does not pass through 
the band-pass amplifier, color sync is not affected by poor band- 
pass alignment—only the color picture is affected. 

5 Low plate voltage on the burst-amplifier tube gives the same 
symptoms as a weak tube. The output is weakened, causing poor 
color sync, or complete loss of color sync. 
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6 A leaky grid capacitor causes loss of bias on the grid of the 
burst-amplifier tube, which then conducts chrominance signal 
constantly, in between bursts. The hues continually shift with 
picture content, occasional rainbows appear in the picture, and 
noise bursts cause jumpy color-sync action. 

7 A mistuned burst-amplifier plate circuit weakens the output 
from the burst amplifier to the burst phase detector, causing 
poor color sync. Furthermore, certain degrees of mistuning cause 
a phase shift which cannot be corrected by the color-phasing 
control, causing all colors to appear in incorrect hues. 

8 Off-value cathode resistors, in many burst-amplifier circuits, 
cause incorrect values of cathode bias. This produces the same 
general effect as wrong grid bias. If the tube is thrown outside its 
operating range, complete loss of color sync results. 

9 Wrong polarity of gate pulse results in loss of gating action, 
with complete loss of color syne. Wrong polarity pulses occur 
when certain faults occur in the RC delay network, or when the 
gate winding leads are reversed during repair work. 

10 <A weak gate pulse causes poor color sync, because the full 
output is not obtained from the burst amplifier. Better color syne 
is obtained on strong signals, and also at settings of the fine- 
tuning control which deliver maximum burst voltage to the 
chrominance circuits. | | 

11 Some color-bar generators have an inaccurate burst timing. 
When used for color-sync testing, results are different than ob- 
tained on a station signal. 

12 When trouble is suspected in the r-f, i-f, or picture-detector 
sections, a video-frequency output from a color-bar generator 
may be applied at the grid of the video amplifier, for a direct 
test of the chrominance circuits. Correct signal polarity must be 
used in this test, or normal operation of the burst amplifier is not 
obtained. 


Section 16 


BURST-PHASE DETECTOR 


THE, output from the burst amplifier is fed to the burst-phase 
detector, as illustrated in Fig. 16-1. Note that two detectors are 
used, with a balance control between them. The output from the 
3.08-Mc subcarrier oscillator is also fed to the burst-phase de- 
tector. 

In the phase detector, the phase (frequency) of the subcarrier 
voltage is compared with the burst voltage. Any difference in 
phase or frequency causes an unbalance in the detector, and 
produces a d-c bias output from the AFC balance control. This 
bias is applied to the grid of the reactance tube. 

The reactance tube is an electronic capacitor. The amount of 
capacitance which the reactance tube shunts across the subcarrier 
oscillator depends upon the value of bias supplied by the phase 
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Fig. 16-1 The input of the burst-phase detector is driven from the burst 
amplifier. The output from the phase detector is taken from a balance 
control. 
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detector. Hence, any drift in the oscillator frequency or phase is 
promptly corrected by action of the phase detector and reactance 
tube. 

The output from the burst amplifier is usually transformer- 
coupled to the burst-phase detector. A typical transformer ar- 
rangement is shown in Fig. 16-2. The transformer is tunable, and 
must be peaked at 3.58 Mc. Unless the transformer is correctly 
tuned, the burst-phase detector will not obtain enough burst 
voltage. Mistuning of the transformer also causes a phase shift in 
the burst signal, which causes all colors in the picture to appear 
incorrectly. Shorted turns in the burst-output transformer cause 
trouble smiliar to mistuning. 
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Fig. 16-2. The output from the burst amplifier (input of phase detector) is 
tunable. The transformer must operate at 3.58 Mc. 


A circuit for a typical burst-phase detector is seen in Fig. 16-3. 
Burst voltage from the burst-output transformer is applied to a 
cathode and plate of the duo-diode phase detector. The AFC bal- 
ance control is connected between these terminals, also. 

The subcarrier oscillator voltage is fed to the other cathode 
and plate, tied in parallel. When the oscillator is operating at the 
correct frequency and phase (is not “pulling’) a VIVM will 
read zero volts between the arm of the AFC balance control and 
ground. The zero-volt point is found near the center of the AFC 
potentiometer. If you should have to move the arm of the 
potentiometer near one end to find a zero-volt indication on the 
VTVM, you will know that some part of the color-syne system 
is out of adjustment. There may also be a faulty tube or com- 
ponent causing the unbalance. 
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Fig. 16-3 shows that the upper diode in the phase detector will 
produce a positive voltage, while the lower diode will produce 
a negative voltage. A VITVM check at the cathode of the phase 
detector will show a positive voltage. An equal negative voltage 
is found at the plate of the phase detector, in normal operation. 
A signal from a color-TV station, or from a color-bar generator 
should be present, when this test is made. 
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Fig. 16-3 Circuit arrangement for a burst-phase detector. 


Of course, in practice, a perfect balance is not usually found. 
When a VTVM is connected between the arm of the AFC poten- 
tiometer and ground, an indication of +0.5 volt is considered 
satisfactory. Even if the balance control is carefully adjusted for 
exactly zero volts, there will be a little drift after a few minutes, 
and the VIVM will read a fraction of a volt, positive or negative. 
Readings larger than half a volt, however, indicate misadjust- 
ment or faults in the color-sync circuits. 

The same rule applies when a rainbow generator signal is 
used, as when an NTSC color-bar signal is used. A burst-phase 
detector cannot tell the difference between the two types of sig- 
nals, and adjustments are made in a similar manner for either 
signal. | 

Burst-phase detectors should also be checked in the absence 
of signal. With the receiver switched to a vacant channel, the 
voltage from the center arm of the balance potentiometer to 
ground will rise. However, the rise should not go higher than 
0.8 volt, or it is indicated that there is a faulty component or a 
bad tube in the phase-detector circuit. 
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When a burst signal is present, the voltage from the AFC 
balance control will become positive or negative, depending upon 
the phase of the oscillator voltage. If the oscillator voltage tries 
to lead the burst, the phase detector has a positive output volt- 
age. On the other hand, if the oscillator voltage tries to lag 
the burst, the phase detector has a negative output voltage. 

The reactance tube, in turn, shunts more or less capacitance 
across the oscillator to bring the phase detector back in balance 
(or very nearly so). Although a complete correction cannot be 
made, the remaining error is so slight that we cannot see any 
change in picture coloring, even when the oscillator is pulling 


“hard.” 


Frequency Correction by the Phase Detector 


The discussion above concerns phase correction only—that is, 
the oscillator is trying to lead or lag the burst, but is only 
“pulling” and has not broken frequency. It is still operating at 
3.979545 Me. 

As we know very well, conditions may be such that the oscilla- 
tor breaks frequency, and runs a few cycles, or a few hundred 
cycles higher or lower than 3.579545 Mc. In this case, the burst- 
phase detector must first correct the frequency of the oscillator, 
before it makes a phase correction. 

To correct a frequency error, the beat between the oscillator 
voltage and the burst voltage is used. This beat occurs in the 
phase detector, and it produces an a-c output from the balance 
control, in addition to the d-c output discussed above. For ex- 
ample, if the oscillator is running 100 cycles off burst frequency, 
the output from the phase detector has a d-c voltage which can 
be measured with a VITVM. In addition, it has a 100-cycle a-c 
voltage output, which can be checked on a scope screen. 

This a-c output is extremely important. Unless it is made 
available to the reactance tube, at suitable level and phase, the 
oscillator cannot be pulled into frequency. That is the reason 
for the filter shown in Fig. 16-3. This filter reduces the a-c beat 
voltage from the phase detector to a suitable level, and it also 
phases the a-c voltage to produce a correction from the reactance 
tube “in the right direction.” 

You can see that incorrect inductance, capacitance, or resist- 
ance values in the filter will cause the color sync action to be 
poor. Widely incorrect values cause complete loss of color sync, 
since the a-c correction voltage from the filter is then “in the 
wrong direction.” 
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Fig. 16-4 shows the details of a common burst phase-detector 
circuit. The balance control is not the complete load, but is only 
a fraction of the total load. This makes adjustment of the balance 
control less critical. Operating conditions in the color-syne system 
should never be so far off tolerance that balance does not occur 
within the range of the 200-K potentiometer. 
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Fig. 16-4 Details of a burst phase-detector circuit. A small trimmer capac- 
itor serves as the color-phasing control. 


The 1-3.5 yuf variable capacitor shown in Fig. 16-4 is the color- 
phasing control. In some receivers, you will find this capacitor 
omitted; a slug is used in the choke coil on the other side of the 
phase detector to adjust the color phase. Hence, a number of 
circuit arrangements are used, both in the burst amplifier and 
in the phase-detector circuit, to obtain color-phase control. We 
shall see that color phase is sometimes adjusted also in the 
subcarrier-oscillator circuit. 


Automatic Chroma Control 


In addition to the color-phasing control, other circuit actions 
are also combined with the phase-detector section in some re- 
ceivers. For example, Fig. 16-5 shows how the negative d-c out- 
put from the phase detector is used for automatic chroma control. 
Automatic chroma control is often desirable, because the level 
of the color signal can fluctuate independently of the black-and- 
white signal. Hence, automatic chroma control (ACC) supple- 
ments the AGC action of the receiver to maintain a constant 
level of picture signal at the color picture tube. 
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When the color signal is strong, the burst is strong, and a 
high value of ACC voltage is applied to the grid of the band-pass 
amplifier tube. This lessens the gain of the band-pass amplifier. 
When the color signal is weak, the burst is weak, and a low ACC 
voltage is applied to the band-pass amplifier. Hence, the amplifier 
gain increases, and the level of chroma signal is maintained 
constant. 

Note also in Fig. 16-5 that the balance-resistor network contains 
no potentiometer. When a receiver does not have a balance con- 
trol, the tuned circuits in the reactance-tube and subcarrier- 
oscillator circuits are adjusted to obtain a zero-volt indication 
from the center point of the phase-detector load to ground. 
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Fig. 16-5 The burst-phase detector may also supply ACC bias to the band- 
pass amplifier tube. 


tH 


It is also seen that the strength of the ACC bias voltage applied 
to the band-pass amplifier is varied by an ACC potentiometer. 
This potentiometer is ganged with the chroma control, or color- 
intensity control. Its purpose is to provide full gain of the band- 
pass amplifier when weak signals are present, and to avoid over- 
load when the incoming signals are strong. 


Electronic Color Killer 


Still another function of the burst-phase detector in many 
color receivers is to drive an electronic color-killer circuit, as 
shown in Fig. 16-6. In this arrangement, the color-killer triode 
is pulsed during horizontal flyback. The positive pulses at the 
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plate of the tube cause a negative d-c voltage to appear across 
the charging capacitor, C. This d-c bias voltage is applied to the 
grid of the band-pass amplifier, and “kills” its action. 

It is desirable to “kill” the chroma channels during black-and- 
white reception on color receivers. Noise and interference can 
cause annoying confetti and color streaks in the black-and-white 
picture, otherwise. The killer action shown in Fig. 16-6 is auto- 
matic. 
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Fig. 16-6 The burst-phase detector often energizes a color-killer circuit, in 
addition to its other functions. 


When a color program is tuned in, a burst signal is passed by 
the burst amplifier. As a result, the burst causes the plate of the 
burst-phase detector to supply a negative d-c voltage to the color- 
killer tube. This negative bias cuts off the killer tube, so that it 
cannot draw plate current. Pulses are still present at the plate, 
but no plate current flows because of the negative voltage on the 
grid. Hence, no negative bias is now applied to the band-pass 
amplifier stage, and the chroma signal passes through the band- 
pass circuits, as desired. 

We note at this point that the color killer may be manual, in- 
stead of electronic. Thus, a switch is sometimes used to remove 
B+ voltage from the screen grids of the chroma demodulators, 
as shown in Fig. 16-7. This switch is commonly ganged with the 
color-intensity control. When the color receiver is tuned to a 
black-and-white broadcast, the viewer turns the color-intensity 
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control to minimum, and the killer switch turns “off,” insuring 
that even strong noise pulses cannot force passage through the 
chroma detectors. However, most present-day receivers use 
electronic color killers. 

You will also find receivers in which both an electronic color 
killer and a manual killer switch are used. The switch insures 
that the customer can completely disable the chroma channels, 
if necessary, if strong interference or noise is present during re- 
ception of black-and-white broadcasts. 

Still other circuit variations are found, in which color-killer 
action is combined with ACC action. However, these variations 
do not directly affect the burst-phase detector, and are not dis- 
cussed in detail in this Section. Likewise circuit variations are 
found in which the function of the burst phase detector is com- 
bined with operation of the subcarrier oscillator. These variations 
are discussed in Section 18. 
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Fig. 16-7 Some color receivers use a manual color-killer switch. Still other 
receivers have both an electronic color killer and a manual killer switch. 


BURST-PHASE DETECTOR 281 


Table 16-1 


BURST-PHASE DETECTOR 


Colors Too Intense, Muddy 
Colors Weak, Washed Out 
Narrow Pull-in Range 

Poor Color Sync 

Color on Strong Signals Only 
Intermittent Color Sync 

No Color Sync 


DETECTOR INPUT TRANSFORMER 
1 Incorrectly tuned 


2 Shorted turns 


5 Shunt capacitor(s) open 


DETECTOR INPUT CIRCUIT 
6 Coupling capacitor(s) leaky 


7 Coupling capacitor(s) open 
DETECTOR TUBE 
8 Weak, low emission 
9 Diodes unbalanced Seeee00smc 
BALANCING POTENTIOMETER 
10 Open 
FILTER (To reactance tube) 
12 Wrong L, C, or R values 
INPUT SIGNAL VOLTAGES 
13 3.58-Mc subcarrier weak 
14 Burst signal weak 


15 Burst signal chopped 
16 Noisy burst signal 


ACC FILTER 
17 Leaky shunt capacitor 


[19 Open bis potentiometer 
20 Shunt capacitor shorted 

21 Shunt capacitor open 
[22 Shunt capacitor toky 


23 Grid resistor shorted 


Seem 
CCT le 
SOT 
[16 Noisy bias potentiometer | ‘| le] | 
tie 
Seem 
le, [le 
a@008 
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The following paragraphs are numbered to correspond with the 
trouble symptoms listed in Table 16-1: 
1 When the input transformer to burst-phase detector is in- 
correctly tuned, the colors in the picture become incorrect, due 
to burst-phase shift. The color-phasing control cannot be set 
satisfactorily, when the detuning is substantial. If the mistuning 
is considerable, the burst is weakened, and the picture loses color 
sync. In case the incoming signal is strong, color sync may be 
maintained. 
2 Shorted turns in the input transformer cause the same trouble 
as serious mistuning. The burst voltage is greatly weakened, or 
completely stopped. 
3 An open circuit in either the primary or secondary of the 
input transformer causes loss of color sync, due to loss of burst 
voltage. 
4 A leaky shunt capacitor across either primary or secondary 
of the input transformer weakens the burst signal. The trans- 
former can be retuned to 3.58 Mc, but much leakage causes 
poor color syne or complete loss of color sync. 
5 When a shunt capacitor across a winding of the input trans- 
former opens up, color sync is lost, due to wide mistuning of 
the circuit. The slug cannot be adjusted to tune the circuit to 
3.58 Mc. 
6 A leaky coupling capacitor between the secondary of the 
input transformer and the detector tube causes a wide range of 
symptoms, depending upon the amount of leakage. The first 
symptom noted is loss of color syne on weak signals. Colors 
change in the picture with different signal levels. A very leaky 
coupling capacitor causes complete loss of color sync. 
7 An open coupling capacitor completely unbalances the phase 
detector, and no color sync is obtained. 
8 Weak diodes in the phase-detector circuit show up first as 
loss of color syne on weak signals, or intermittent loss of color 
syne. Finally, when the diodes become very weak, complete 
loss of color syne occurs. 
9 In case one section of a duo-diode is normal, but emission 
is weak in the other section, the first symptom is poor color sync, 
and incorrect colors in the picture. Severe unbalance causes 
complete loss of color sync. 
10 An open balance potentiometer causes loss of color sync. 
11 A noisy balance control causes unstable and drifting color 
sync, with wrong colors in the picture at times. The action of 
the control is jumpy, when adjusted. 
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12 Incorrect values of L, C, or R in the output filter from the 
burst-phase detector to the reactance tube cause a narrow pull-in 
range. The picture loses color sync when the color-phasing con- 
trol is set to one end or the other of its range. Widely incorrect 
values cause complete loss of color sync. 

13, 14 Weak subcarrier voltage, or weak burst voltage causes 
narrow pull-in range, except on strong signals. Weak incoming 
signals lose color sync completely. 

15 A chopped burst signal is caused by incorrect gate timing 
in the burst amplifier. When only two or three burst cycles are 
admitted, instead of eight or nine, the pull-in range becomes 
narrow and color-syne action is poor. 

16 A noisy burst signal is caused by a wide gating pulse, or by 
strong interference. Excessive noise and interference voltages 
cause poor color syne and narrow pull-in range. The burst can 
be checked with a wide-band scope for noise. 

17 A leaky ACC filter capacitor lowers the bias on the band- 
pass amplifier tube and permits it to overload on peaks of strong 
signals. The colors appear muddy, and often too intense. 

18. A noisy bias potentiometer in the ACC circuit causes the 
chroma level in the picture to drift and fluctuate. Jumpy con- 
trol is observed as the color-intensity knob is turned. 

19 An open bias potentiometer in the ACC circuit causes very 
low bias on the grid of the bandpass amplifier tube. Colors be- 
come muddy and over-intense, or in some receivers, color dis- 
appears from the picture. The band-pass amplifier tube becomes 
very hot. Color syne becomes poor, or lost entirely on weaker 
signals. 

20 A shorted shunt capacitor in the color-killer input circuit 
permits the killer tube to conduct continuously. Color disappears 
from the picture. 

21 An open shunt capacitor permits a-c to get to the grid of the 
killer tube from the burst-phase detector. Colors fluctuate in the 
picture, as a result. 

22 A leaky shunt capacitor in the killer grid circuit causes 
symptoms which are intermediate to a shorted or an open 
capacitor. 

23 A shorted grid resistor in the killer circuit causes the killer 
tube to conduct continuously. No color appears in the picture. 


The Color Burst 


The burst phase detector is operated by the incoming burst 
signal. Hence, a check of the burst voltage at the input of the 
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phase detector is important when troubleshooting this circuit. 
Note, however, that only the burst voltage is important. It is 
sometimes thought that it is helpful to expand the burst wave- 
form, and to observe it in detail. However, burst expansion is 
not of importance in service work. 

Few scopes are able to expand a burst signal, to make the 
individual cycles visible. This is because the burst has a high 
frequency: 3.579545 Mc. Unless a scope has high-speed sweep, 
the burst cycles cannot be expanded for viewing. It is not 
necessary. 

When a scope has high-speed sweep, the burst can be expanded 
as shown in Fig. 16-8. The burst overlaps the other chroma infor- 
mation, as seen in Fig. 16-8, unless the scope also has triggered 
sweep. Triggered sweep is not necessary in color-TV servicing. 

To check the input signal to the burst amplifier, it is only 
required that a scope have flat frequency response through the 
color-burst frequency. A 4-Mc scope serves adequately. If the 
scope has a low-capacitance probe, it is more useful. A low- 


capacitance probe minimizes loading of the receiver circuits 
under test. 


Fig. 16-8 The color burst can be expanded on a scope 
screen at high horizontal deflection rate. 


Section 17 


REACTANCE TUBE 


THE reactance tube is located between the color-AFC (burst- 
phase detector) circuit, and the subcarrier oscillator, as illus- 
trated in Fig. 17-1. The reactance tube controls the frequency 
and phase of the subcarrier oscillator, and keeps it in step with 
the color burst. The reactance tube operates as a variable elec- 
tronic capacitor or inductor, depending upon the circuit arrange- 
ment. It is shunted across the subcarrier oscillator, to control the 
frequency and phase of oscillation. 

When the subcarrier oscillator tends to drift out of step with 
the color burst, a positive or negative correction voltage is de- 
veloped by the color-AFC circuit. This d-c bias is applied to the 
grid of the reactance tube. In turn, the reactance tube shunts 
more or less reactance across the subcarrier oscillator, and brings 
it in step with the burst. 
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Fig. 17-1 The reactance tube operates between the color-AFC circuit and 
the subcarrier oscillator. 
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If a frequency correction is required before the phase correc- 
tion is made, an a-c correction voltage is developed by the color- 
AFC circuit. This a-c signal is applied to the grid of the reactance 
tube. In turn, the reactance tube swings the subcarrier oscillator 
frequency back and forth, “hunting” for 3.579545 Mc. When the 
frequency is corrected, no more a-c signal is supplied by the 
color-AFC circuit. However, a d-c correction voltage remains, 
which corrects the oscillator phase as previously explained. With 
both frequency and phase corrected, there is then zero volts 
output from the color-AFC circuit. 
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Fig. 17-2 Circuit diagram for a typical reactance tube. Tube acts as a 
. variable capacitor, as shown by dotted capacitor symbol. 


It is apparent that faulty operation of any section in the color- 
sync system will cause the subcarrier oscillator to “pull” against 
the color burst. In such case, a steady d-c bias voltage is present 
at the grid of the reactance tube. 

The circuit diagram for a reactance tube is shown in Fig. 17-2. 
Note the 2-uyf coupling capacitor from the plate to the control 
grid of the tube. The 3.58-Mc voltage from the subcarrier oscilla- 
tor feeds to the plate of the reactance tube, and a part of this 
3.08-Mc voltage also feeds to the grid of the tube through the 
small capacitor. 
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The 3.58-Mc voltage which reaches the grid of the tube leads 
the 3.58-Mc voltage on the plate. A capacitor draws a leading 
current. This leading voltage on the grid causes the 3.58-Mc cur- 
rent in the tube to lead the 3.58-Mc voltage on the plate. The 
subcarrier oscillator thus “sees” a device which is drawing a lead- 
ing current. The oscillator therefore “sees” this device (the re- 
actance tube) as a capacitor. 

The d-c error voltage from the phase detector is applied to 
the grid of the reactance tube, as shown in Fig. 17-2. When the 
error voltage is positive, the tube draws more current, and its 
effective capacitance increases—the subcarrier oscillator lowers 
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Fig. 17-3 Circuit details for color-syne system, comprising reactance tube, 
subcarrier oscillator, buffer, burst amplifier, and phase detector. 
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its frequency of oscillation. When the error voltage is negative, 
the tube draws less current, and its effective capacitance de- 
creases—the oscillator raises its frequency of oscillation. The 
choke in the grid lead of the reactance tube (Fig. 17-2) is used 
to prevent excessive escape of 3.58-Mc voltage from the grid 
circuit. 

In case color syne has been lost completely, an a-c error 
voltage appears at the grid of the reactance tube. This a-c error 
voltage is a beat note between the subcarrier oscillator fre- 
quency and the color-burst frequency. The effective capacitance 
of the reactance tube goes up and down, “hunting” for zero beat. | 
If the required correction is not too great, the zero-beat point is 
found, and the subcarrier oscillator is tuned to lock with the 
color burst. If the required correction is excessive, the reactance 
tube cannot find zero beat, and color sync is not restored. 

Note the tunable coil in the plate circuit of the reactance tube. 
Proper operation depends upon correct adjustment of this coil. 
This coil tunes the subcarrier oscillator, and brings it within 
pull-in range of the reactance tube. This fact can be seen clearly 
from Fig. 17-3, which shows how the coil serves both as plate- 
load for the reactance tube, and as a shunt tuning circuit to the 
- quartz crystal. 

The quartz crystal is connected to the coil through C, a 100-yyf 
capacitor. Hence, some of the 3.58-Mc voltage finds its way to 
ground through this tuned coil. As the coil is tuned through 
3.58 Mc, its reactance changes from capacitive to inductive. In 
consequence, resonant frequency of the quartz crystal can be 
tuned a couple hundred cycles by adjusting the slug in the coil. 

The buffer tube (12BH7) also shown in Fig. 17-3 serves to 
isolate the subcarrier oscillator from the phase detector. It also 
isolates the oscillator from the chroma demodulators. If the 
buffer were not used, changing conditions in the phase detector 
and chroma demodulators would affect the oscillator frequency, 
and it would be impossible to hold color sync. Fig. 17-3 gives a 
“bird’s eye view” of the color-sync system, which should be kept 
in mind whenever color-sync trouble occurs. 


Frequency Check of Plate Tank 
In Reactance-Tube Circuit 


A defective reactance-tube plate tank can cause loss of color 
sync, and may stop oscillation of the subcarrier oscillator in seri- 
ous cases. The frequency response of the tank can be checked 
with a sweep generator and scope as follows: 


REACTANCE TUBE | 289 


Connect the output cable of a video sweep generator to the 
grid of the reactance tube. The cable must be terminated in its 
characteristic impedance (usually 75 ohms). Next, unplug the 
3.098-Mc crystal from its socket, and connect a demodulator probe 
(see Fig. 17-4) to the terminals of the crystal socket. 

Operate the scope and sweep generator as in conventional 
alignment checks. A response curve should be observed as de- 


Ol IN 60 47 K TO 


TO 3.58 MC 
XTAL SOCKET SCOPE 


47 K 1000 MMF 


Fig. 17-4 Arrangement for a demodulator probe to test the frequency re- 
sponse of the reactance-tube plate tank. 


picted in Fig. 17-5. Using a suitable marker generator, check for 
peak response at 2.55 Mc, and half-voltage points at 1.97 Mc and 
3.1 Mc. Tune the slug in the coil as required. 

If you cannot obtain the proper response curve, with correct 
marker points, look for faulty circuit components such as shorted 
or leaky capacitors, open capacitors, shorted turns in the tank 
coil, etc. In case the correct response is obtained, make a further 
check of the tuning range of the tank coil. It should be possible 
to tune the coil from a peak frequency of about 2.2 Mc to 3.1 Mc. 
If this cannot be done, trouble is indicated in the plate circuit 
of the reactance tube. Faulty capacitors are the most usual cause. 


How to Isolate the Reactance Tube 
From the Phase Detector 


With reference to Fig. 17-3, the reactance-tube circuit can be 
isolated from the phase-detector circuit by shorting the arm of 
the phase-detector balance control to ground with a test lead. 
The grid of the reactance tube is then set at zero volts. 

Now, if you can tune the plate tank of the reactance tube to 
free-wheel the subcarrier oscillator through color sync, you will 
know that the reactance-tube circuit is ok, and that the trouble 
is in the phase-detector circuit. However, if you cannot. free- 


290 PIN-POINT COLOR-TV TROUBLES | 


wheel the oscillator through 3.58 Mc, trouble is indicated in the 
reactance-tube circuit. 


Too Much 3.58-Mc Voltage at Grid 


of Reactance Tube Causes Trouble 


Fig. 17-3 shows a 2-yyf capacitor connected from plate to grid 
of the reactance tube. Some receivers use no capacitor here, 
and operate by the plate-grid capacitance of the tube. Too much 
capacitance causes trouble. If the 3.58-Mc voltage is too high, 
the reactance tube draws grid current on the positive peaks of 
the 3.58-Mc wave. Grid current upsets the action of the reactance 
tube. 


2.55 MC 


1.97 MC 3.\ 


Fig. 17-5 Correct response curve and marker points for a reactance-tube 
plate-tank coil. 


When the reactance tube draws grid current, a negative d-c 
voltage is added to the control voltage from the phase detector. 
This throws the color-syne system out of balance. If the grid 
current is small, you may not notice its effect for some time. 
However, the unbalance gradually increases until finally the 
picture breaks color-syne lock. A small amount of grid current 
may not cause complete loss of color sync for several minutes, 
or even an hour. 


REACTANCE TUBE 291 


It is just as important that the 3.58-Mc grid voltage not be 
too small. A weak voltage causes inadequate control of the 
oscillator, so that the pull-in range is limited, and sync lock is 
not tight. It is not practical to check the 3.58-Mc grid voltage 
with a scope, because loading occurs even with a low-capacitance 
probe. However, a battery and potentiometer give an accurate 
answer: 

First, bring the set into color sync. Then, throw the channel 
selector to a vacant channel. Connect a switch, 1-meg potentiom- 
eter, and 12-volt battery as shown in Fig. 17-6. This provides a 
variable bias supply. 


Fig. 17-6 Bias arrangement for checking operation of the reactance tube. 


The negative terminal of the battery is grounded to the re- 
ceiver chassis. The lead from the potentiometer is connected to 
the output of the phase detector. Connect the lead at the junc- 
tion of the 250-K potentiometer and the 10-K resistor. (Fig. 17-3.) 

Start with the output from the bias unit at zero volts. Check 
with a VTVM at both ends of the 10-K resistor. You should 
measure zero volts; if not, adjust the 250-K potentiometer to 
obtain balance of the phase detector. Then, increase the bias 
slightly, so that the grid of the reactance tube is made more 
positive. Continue to increase the bias until you read a difference 
(voltage drop) when the VI'VM is applied at one end, and then 
at the other end of the 10-K resistor. As soon as a drop is ob- 
served, you know that the reactance tube is drawing grid current. 
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Then, back off on the potentiometer until grid current just 
stops. Measure this bias voltage. Also measure the voltage at 
the cathode of the reactance tube. The difference between the 
bias voltage and the cathode voltage is the grid-cathode bias on 
the reactance tube. This difference is also equal to the peak 
voltage of the 3.58-Mc wave on the grid. Hence, we have deter- 
mined the peak voltage of the subcarrier signal on the grid. 


Table 17-1 


REACTANCE TUBE 


Loss of Color Sync at End 

of Color-phasing Control 

Loss of Color Sync at Normal 
Color-intensity Setting 


Color Sync on Strong 


Color Sync Drifts Out 
Signals Only 


No Color in Picture 
Narrow Pull-in Range 


No Color Sync 


REACTANCE TUBE 
1 Weak 


2 Interelectrode leakage 


3 Drawing grid current 


PLATE TANK COIL 
4 Mistuned 


5 Shorted turns 
6 Open 
REACTANCE TUBE CIRCUIT 
7 Shorted feedback capacitor 
8 Shorted cathode capacitor 
9 Leaky filter capacitor 
10 Shorted filter capacitor 
11 Open coupling capacitor 
12 Shorted coupling capacitor 
13 No 3.58-Mc input voltage 
14 Low or no B+ to plate 
15 Open 3.58-Me choke 
16 Shorted 3.58-Mc choke 
17 Open cathode resistor 
18 Shorted cathode resistor 
19 Open filter resistor 
20 Wrong cathode bias voltage 
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Suppose the reactance tube starts to draw grid current when 
the bias is at +2.3 volts. We find, e.g., that the cathode voltage 
is then +4.8 volts. The grid-cathode bias is then —2.5 volts. 
Also, the peak voltage of the 3.58-Mc signal is 2.5 volts. This is a 
normal value of 3.58-Mc voltage. It will develop a sensitivity 
in the reactance-tube circuit of about 150 cycles per volt. In other 
words, a change in output of one volt from the phase detector 
will swing the subcarrier oscillator by 150 cycles. 

The reactance-tube circuit should normally permit the appli- 
cation of at least +1 volt before grid current is drawn. Better 
color-syne action is obtained if the grid of the tube can rise 
+2 volts before drawing current. You can control the voltage of 
the 3.58-Mc signal by the value of the capacitor between plate 
and grid of the reactance tube. 

You should be able to swing the d-c output voltage from the 
' phase detector over a range of —5 to +1 volts by tuning the 
plate tank of the reactance tube. When you ground the arm of 
the phase-detector balance control, tuning the plate tank of 
the reactance tube should free-wheel the subcarrier oscillator 
through color sync, and you should be able to display at least 
seven rainbows on the screen, at either end of the tuning range 
of the tank. 

The following numbered paragraphs correspond to numbered 
trouble symptoms and most probable causes listed in Table 17-1: 
1 A weak reactance tube causes a variety of symptoms, de- 
pending upon how low the emission has become. At first, it is 
found that the pull-in range of the color-sync system is narrowed 
—sometimes the only way to lock color sync is to vary the color- 
phasing control over its range to “catch” syne. Then the control 
can be adjusted to obtain correct colors in the picture. On weaker 
signals, there is lack of color sync completely. Eventually, as the 
tube weakens farther, sync is lost on strong signals likewise. 

2 Interelectrode leakage in the reactance tube can cause all of 
the symptoms of color-syne trouble, depending upon the resist- 
ance of the leak, and whether it occurs between plate and grid, 
grid and cathode, or heater and cathode. A plate-grid leak re- 
duces the grid bias. This reduces the pull-in range, and can also 
cause the grid to draw current and slowly drift out of color sync. 
In similar manner, interelectrode leakage can mock many circuit 
troubles. 

3 The reactance tube can draw grid current as a result of any 
circuit fault which reduces the grid-cathode bias voltage, or 
which raises the 3.58-Mc feedback voltage from the plate above 


294 PIN-POINT COLOR-TV TROUBLES 


normal. The result is eventual drifting of the circuit balance so 
far that color sync is lost. 

4 A mistuned plate tank causes a steady d-c error voltage to 
appear at the output of the phase detector, which biases the re- 
actance tube to an incorrect operating point. This reduces the 
pull-in range, causes critical color sync, or in case of severe mis- 
tuning, causes complete loss of color sync. A common symptom 
is a locking point occuring at one end only of the color-phasing 
control. In a severe case, the subcarrier oscillator is stopped, 
“killing” the color picture. 

5 (See 4.) 

6 An open plate-tank coil in the reactance-tube circuit causes 
complete loss of color sync, and often drop-out of color from the 
picture due to stopping of the subcarrier oscillator. 

7 The feedback capacitor is shown between the plate and grid 
of the reactance tube in Fig. 17-3. A shorted capacitor causes 
complete loss of color syne. However, high values of leakage 
resistance may cause only critical and unstable color sync. 

8 A shorted cathode capacitor in the reactance-tube circuit 
causes a large shift in grid bias and results in complete loss of 
color sync. 

9 Three filter capacitors are seen in the grid circuit of the 
reactance tube in Fig. 17-3. Leakage in any one of these capacitors 
cuts down the d-c control voltage from the phase detector to the 
reactance tube. The result is narrow pull-in range, critical color 
sync, and in severe cases, complete loss of color sync. 

10 A shorted filter capacitor eliminates the correction voltage 
to the reactance tube and causes complete sync loss. 

11 The coupling capacitor C shown in Fig. 17-2 between the 
plate of the reactance tube and the subcarrier oscillator crystal 
provides a path for the 3.58-Mc voltage to the plate of the re- 
actance tube. When the capacitor opens, control of color sync 
is lost. 

12 <A shorted coupling capacitor places B+ voltage on the 
quartz crystal and greatly changes the capacitance across the 
crystal. Color sync is completely lost as a result. 

13. No 3.58-Mc input voltage to the reactance tube usually 
results from an open coupling capacitor. (See 11.) However, 
this can also result from failure of the subcarrier oscillator cir- 
cuit. In this case, there is no color picture. 

14 When the B+ voltage is low at the plate of the reactance 
tube, a range of symptoms is observed, depending upon the 
amount it is subnormal. The color sync first becomes limited 
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in pull-in range, and shows the common symptoms of critical 
sync, finally being lost ii if the plate voltage falls to a 
very low value. 

15. An open 3.58-Mc choke in the grid circuit of the reactance 
tube causes complete loss of color syne. 

16 (See 15.) 

17 An open cathode resistor stops flow of plate current, and 
results in complete loss of color sync. 

18 A shorted cathode resistor causes a large change in grid- 
cathode bias, with complete sync loss. 

19 An open filter resistor between the output of the phase 
detector and the grid of the reactance tube causes complete 
sync loss if it is a series resistor. An open shunt resistor causes 
the pull-in range to become very narrow. 

20 A wrong cathode-bias voltage is usually caused by changed 
resistor values. A very wide range of symptoms results, depend- 
ing upon the amount that the bias voltage is incorrect. 


How a Reactance Tube Works 


A reactance tube is an amplifier, with feedback from the plate 
to the grid. The plate voltage is not only B plus voltage, but also 
has 3.58-Mc voltage. The plate of the reactance tube is coupled 
to the 3.58-Mc oscillator crystal. 

The grid voltage of the reactance tube is a d-c bias from the 
phase detector, and also a 3.58-Mc voltage which is fed back 
from plate to grid through a small coupling capacitor. 

Because a small feedback capacitor is used between plate and 
grid, the feedback voltage to the grid leads the 3.58-Mc voltage 
at the plate. A small capacitor always draws a leading current. 

Hence, the 3.58-Mc voltage at the grid leads the 3.58-Mc volt- 
age at the plate. The grid has control of the plate current. As 
a result, the plate current of the reactance tube is out of phase 
with the a-c plate voltage. The plate current leads the plate 
voltage. 

Since the plate current leads the plate voltage, the oscillator 
crystal “sees” a capacitor action at the plate of the reactance 
tube. This is an electronic capacitor, but it works just as if it 
were an ordinary tuning capacitor. 

The amount of (electronic) capacitance which the reactance 
tube shunts across the oscillator crystal depends on the grid bias 
of the tube. This is because a high grid bias cuts off the reactance 
tube completely. No plate current flows. It no longer acts as a 
capacitor (provides zero capacitance). A medium grid bias per- 
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mits some plate current to flow. Now, the reactance tube “looks” 
like a medium-sized capacitor to the oscillator crystal. 

A low grid bias permits the flow of considerable plate current. 
Then, the reactance tube “looks” like a large capacitor to the 
oscillator crystal. Thus, depending upon the amount of grid bias, 
the reactance tube has the effect of shunting various values of 
capacitance across the oscillator crystal. 

A quartz crystal changes frequency when shunted by capaci- 
tance. It does not change frequency very much. This is because 
the quartz crystal has a very high “Q,” as compared with ordi- 
nary coils. However, the frequency of a quartz-crystal oscillator 
can be changed a few hundred cycles by shunting it with 
capacitance. 

Hence, it is evident how a reactance tube keeps a crystal 
oscillator “on frequency,” provided the oscillator does not drift 
too far out. If the oscillator frequency drifts out of the tuning 
range of the reactance tube, color sync is lost and cannot be 
obtained until the oscillator is tuned properly. 

It is preferred to tune the oscillator as close to the color 
burst frequency as possible. This gives better color sync action. 
The oscillator can be detuned 100 or 200 cycles, and the phase 
detector, with the reactance tube, will still bring the oscillator 
back to the burst frequency. Color syne is obtained, but then 
the oscillator is “pulling” constantly against the reactance tube. 
Hence, a rise or fall in burst voltage can cause a noticeable 
shift in colors on the screen. 

A “pulling” oscillator is never brought exactly into phase 
with the burst. The reactance tube cannot do this. It brings the 
oscillator phase close to the burst phase. However, there is al- 
ways a small error. If the oscillator is pulling hard, the error 
increases. Hard pulling makes the hues shift, because the phase 
difference becomes considerable. 

- Under hard pulling of the oscillator against the reactance tube, 
the phase error varies as the burst signal rises or falls in voltage. 
The burst voltage changes from time to time, because transmis- 
sion and reception of a broadcast signal is subject to variation. 
Then, the viewer sees the colors change in hue on the screen, 
as the incoming signal level changes. 

When the burst-phase detector is carefully balanced, and the 
subcarrier oscillator is carefully tuned, the burst-phase detector 
tube can be pulled, and no more than one rainbow will be seen. 
However, if the system is “pulling” hard, many rainbows will 
appear when the burst-phase detector tube is pulled. 


Section 18 


SUBCARRIER OSCILLATOR 


MOST subcarrier oscillators use a quartz crystal as a resonant 
element in the grid circuit, as shown in Fig. 18-1. Some of the 
early color-TV receivers used LC oscillators, but these are rarely 
seen today. The combination of the 3.58-Mc crystal and the oscil- 
lator-plate tank operate at nearly the color subcarrier frequency. 
However, as explained in Section 17, the exact frequency of 
oscillation is determined by the reactance tube. 

It is seen in Fig. 18-1 that the crystal oscillator is a tuned-plate 
tuned-grid type, with shunt feed for the B+ voltage through a 
series resistor. The circuit design is centered about maximum 
stability of operation. The output of this type of oscillator rises 
as the plate tank is tuned to the vicinity of 3.58 Mc. Note, how- 
ever, that oscillation occurs only when the plate tank is tuned 
somewhat above 3.58 Mc. At peak resonance, the oscillator be- 
comes uncertain in operation. If you tune the coil slightly past 
3.58 Mc, the oscillator will then cease operation completely. 

Hence, the oscillator tank should be tuned toward resonance 
on the high-frequency side—but the coil should not be tuned 
to the peak of resonance. The oscillator output level is easily 
checked by connecting a VIVM across the grid leak. When the 
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Fig. 18-1 Circuit diagram for a quartz-crystal subcarrier oscillator (free 
running). 
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tube is not oscillating, there is zero voltage across the leak (except 
for a slight contact potential). The VITVM will show an increasing 
negative voltage, as the circuit is made to oscillate more strongly. 

Note also in Fig. 18-1 that the output is taken from a tap on 
the plate tank of the oscillator. The output is fed to a tuned 
transformer and in turn to a buffer amplifier. The buffer serves 
to isolate the oscillator from changing conditions in following 
chroma circuits. The output is tapped down on the plate tank 
to match the input impedance of the buffer amplifier. 


Shock-Excited Subcarrier Oscillator 


Another type .of crystal oscillator is used to a lesser extent in 
present-day color-TV receivers. This is the shock-excited oscilla- 
tor. (See Fig. 18-2.) It is also called a ringing circuit, or a 3.58-Mc 
crystal filter. The quartz crystal in this circuit does not oscillate in 
the absence of a signal. However, when color bursts are applied 
from the burst amplifier, the 3.58-Mc crystal “rings” like a bell. 

This is a simple form of subcarrier oscillator, but is not as 
widely used as the crystal-oscillator reactance-tube system, be- 
cause it is not as satisfactory for weak-signal reception. The ring- 
ing voltage from the crystal is not uniform. It starts at a high 
voltage when the burst first reaches the crystal, and then decays 
considerably to a lower voltage until the next burst arrives. 
Hence, the 3.58-Mc amplifier shown in Fig. 18-2 is biased to 
operate as a clipper. The tube clips the wave trains from the 
crystal to a constant level, just as the limiter in an FM receiver 
clips the sound signal to a constant level. 

In case the limiter fails in this type of circuit, the subcarrier 
voltage is not constant during the horizontal scan interval. The 


[ote 
LIMITER 


COLOR 
PHASING 
CONTR. 


RINGING 
CRYSTAL 


B+ B+ ~ B+ 


GATE PULSE 


Fig. 18-2 The shock-excited type of subcarrier oscillator uses a 3.58-Mc 
ringing crystal. 
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voltage to the chroma demodulators then starts at a high level 
at the beginning of the forward trace, and ends at a low level at 
the end of the forward trace. Colors in the picture are fully 
saturated at the left side of the screen, but are desaturated at the 
right side of the screen. 

The master-phase control is the slug in the plate tank of the 
tube. A vernier variable capacitor is also shunted across the tank. 
This is the color-phasing control. A variable capacitor also is 
connected in series with the 3.58-Mc crystal. It is a service ad- 
justment. This capacitor is set to obtain stable color-syne opera- 
tion—it tunes the crystal through 3.58 Mc. 

The system shown in Fig. 18-2 is also called a 3.58-Mc crystal 
filter. This name indicates another point of view concerning the 
circuit operation. Accordingly, the crystal is adjusted to pass only 
the desired frequency from the mixture of burst signal, side-band 
signals, and noise. It is a very narrow band-pass filter. From ei- 
ther point of view, the end result is the same. 


Hybrid Oscillator 


You will also find subcarrier oscillator systems such as seen in 
Fig. 18-3. This is a hybrid system in which the burst is applied di- 
rectly to the crystal, without a phase-detector or a reactance tube. 
However, the crystal is self-oscillatory as well as shock-excited. 

Sync lock is obtained, because the color bursts shock-excite 
the crystal. Although the crystal is oscillating steadily, the bursts 
operate as an unchanging 3.58-Mc frequency in the circuit. The 
free-running oscillator easily changes its frequency and phase 
to coincide with the burst, if the frequency difference is not too 
great. In a circuit of this type, the free-running frequency seeks 
the fixed and unchangeable frequency. Hence, color-syne lock 
is obtained. | 

The performance of the hybrid oscillator is not as good as the 
more usual type using phase detection and reactance-tube con- 
trol. However, fewer tubes and components are required in the 
hybrid design, which makes possible a lower receiver cost. 


Subcarrier Oscillator May Drop 
The B+ Voltage 


Technicians are familiar with the use of an audio-output tube 
to drop the B+ voltage in some black-and-white TV receivers. 
The tube operates as a dropping resistor, as well as an amplifier. 

A similar circuit arrangement is sometimes found in the sub- 
carrier circuit in a color-TV receiver. The circuit details are 
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seen in Fig. 18-4. The subcarrier-oscillator tube is placed be- 
tween the B+ rectifier output and the +135-volt bus. Hence, 
failure of the subcarrier-oscillator tube will cause failure of 
other circuits on the +135-volt bus. 

A +275-volt bus also branches off from the rectifier output. 
However, it is clear that tubes fed from this circuit will not be 
affected by failure of the subcarrier-oscillator tube. Only the 
sync amplifier, chroma-pulse amplifier, and first chroma-amplifier 
sections are affected by failure of the subcarrier-oscillator tube. 


Subcarrier Oscillator May Be “Killed” 
By Defect in Buffer Circuit 


The subcarrier oscillator usually feeds through a simple tuned 
amplifier stage called a buffer. Since the input circuit of the 


TO PLATE OF 

1/2 GANS 
BURST AMPL. 
2.2 MEG 


-7.4V 


6CBE6 
COLOR OSC. DRIVER 
TRANS. 


| 


lace acing LS oae 


O+300V- 


Fig. 18-3 Circuit details for a hybrid-type subcarrier oscillator. 
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buffer loads the subcarrier oscillator, shorted turns in the buffer- 
input transformer, or other faults, can stop the oscillator. Some- 
times a defective buffer-amplifier tube will “kill” the subcarrier 
oscillator. If the tube is suspected, it can be removed temporarily. 
A VTVM test across the oscillator grid leak will show if the 
oscillator resumes operation. 


Faulty Plate Tank Can ‘Kill’ 
Subcarrier Oscillator 


It is easily seen that a defective plate tank can cause faulty 
oscillator operation. (See Fig. 18-1.) The tank is easily checked 
with a sweep generator and scope. To make this check, unplug 
the 3.58-Mc crystal. 
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Fig.18-4 The subcarrier oscillator may be used as a plate-voltage dropping 
resistor. 


The output cable from a video-frequency sweep generator is 
connected across the terminals of the crystal holder. The ver- 
tical-input cable of a scope is connected to the output of a chroma 
demodulator, such as the (R-Y) demodulator. Use a 75,000-ohm 
isolating resistor between the scope cable and the demodulator 
output lead. A marker generator is also required. This can be 
a built-in unit, or a separate unit from the sweep generator. 

As shown in Fig. 18-5, a symmetrical response curve should be 
obtained, with a peak response of about 3.62 Mc. If the peak 
frequency is incorrect, tune the tank as required. The band 
width should be such that 3.35-Mc and 3.88-Mc markers appear 
at the half-voltage points on the curve. If this response cannot 
be obtained, there is a circuit fault or a defect in the tank coil. 
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In case the tank coil displays the correct response, you should 
next check the tuning range of the tank. This range is shown 
in Figs. 18-6 and 18-7. The peak frequency should be tunable 
from about 3.4 Mc to 3.82 Mc. If not, it is indicated that a cir- 
cuit trouble is present which shunts an incorrect value of capaci- 
tance across the tank coil. 

The response of the buffer amplifier is sufficiently broad that 
the curve of the tank coil is not distorted. However, when tuned 


3.62 MC 


Fig. 18-5 Normal response curve for 
a subcarrier oscillator tank. 


to one side of 3.62 Mc, a dissymmetry is seen, as shown in Figs. 
18-6 and 18-7. Absence of this dissymmetry is an indication of 
circuit trouble. 


Oscillator Frequency Controlled 
By Reactance-Tube Tank 


Note that the frequency of oscillation is not controlled greatly 
by the tuning of the oscillator-plate tank. Instead, frequency 
adjustment is made principally by tuning the plate tank of 
the reactance tube, as explained in Section 17. The plate tank 
of the reactance tube is effectively shunted across the 3.58-Mc 
crystal. 

If tuning the reactance-tube tank does not bring the oscillator 
to 3.58 Mc, you should determine whether the oscillator can 
be free-wheeled through color sync. To make this test, the cou- 
pling capacitor between the plate of the reactance tube and the 
oscillator crystal can be disconnected (Fig. 18-1). 
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Fig. 18-6 Lower tuning range of Fig. 18-7 Upper tuning range of 
oscillator tank. oscillator tank. 

The reactance tube normally places a capacitance of about 
Tupf across the oscillator crystal. Hence, you should connect a 
trimmer capacitor between the free end of the coupling capacitor 
and chassis ground. You should now be able to free-wheel the 
subcarrier oscillator through color sync. As you tune the capaci- 
tor in the vicinity of Tuyf, the picture should drift through color 
sync. If it does not do so, the subcarrier-oscillator circuit is faulty. 
If the picture can be passed through color sync, the reactance- 
tube circuit is defective, or the reactance tube is not receiving 
correct control voltages. 

It is easy to determine whether the subcarrier oscillator is 
operative by watching a black-and-white picture as the fine- 
tuning control is varied. In many receivers, the color-killer must 
first be turned to minimum. When you tune sound into the pic- 
ture, blue streaks and patches appear in the picture if the sub- 
carrier oscillator is working. No color in the picture means a 
dead oscillator. 

The plate voltage rises to a maximum as the subcarrier oscilla- 
tor is adjusted for maximum output. However, the change is not 
sufficient in view of receiver differences to be a reliable guide. 
The grid voltage is a good guide, as noted above. Various re- 
ceivers will give from —8 to —25 volts at the grid of the oscillator 
in normal operation. 

A dead oscillator can be caused by overheating the quartz 
crystal with a soldering iron. Dropping the crystal on a hard 
floor may also chip or crack it, and make it inoperative. 
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Table 18-1 


SUBCARRIER OSCILLATOR 


Poor Black-and-White Sync 
Change in Color Shading 


Across the Screen 
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No Color in Picture 
Intermittent Color 


OSCILLATOR TUBE 
1 Weak 


4 Resonant frequency 3.58 Mc 


5 Resonant frequency high || jejeje; | |. 
OUTPUT CIRCUIT 

6 Buffer stage defective 

GRID-TANK COIL 

7 Mistuned 

B+ VOLTAGE TO OSCILLATOR 

8 Too low 

INPUT CIRCUIT 

9 Reactance-tube stage faulty 

SHOCK-EXCITED OSCILLATOR > 

10 Plate tank mistuned 

11 Clipper Bote wron SOsSOOKIgm 
1 Enel detest eT re 


* Not in all receivers—see text. 


The following numbered paragrahs explain useful points con- 

cerning the picture symptoms and most common causes, listed 
in Table 18-1. 
1 When the subcarrier-oscillator tube is weak, the picture 
symptoms depend upon circuit details. If the oscillator tube 
serves as a B+ voltage divider, the sync of both black-and-white 
and color signals will be affected. The weaker the tube, the 
poorer sync action becomes. However, if the oscillator tube is 
not used as a voltage divider, the color in the picture becomes 
weak and changing with signal level. As the tube weakens 
further, the color drops out of the picture intermittently, and 
finally all color disappears. 
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2 Interelectrode leakage in the oscillator tube can simulate prac- 
tically all circuit faults. Try a new tube in case of doubt. 

3 When the oscillator-plate tank is tuned to too low a frequency, 
the circuit does not oscillate. All color drops out of the picture. 

4 Tuning the plate tank to 3.58 Mc causes intermittent opera- 
tion of the oscillator. The receiver may display color for a while 
after the power is turned on, but then may drop out of the pic- 
ture. In other receivers, color may be absent from the picture 
until after receiver warm-up. In either case, fluctuation in line 
voltage often causes color to come and go in the picture. 

3 If the tank is tuned to an excessively high frequency, past the 
region of good operation, the output from the oscillator falls off. 
The chroma demodulators do not receive enough subcarrier volt- 
age. Color becomes weak in the picture, and faulty demodulator 
response causes changing hues. 

6 A faulty buffer stage can load the oscillator, and “kill” its 
operation in severe cases. If the oscillator continues operation, the 
faulty buffer stage weakens or stops the 3.58-Mc subcarrier feed 
to the chroma demodulators. Color will drop completely out of 
the picture, or, color reproduction will be weak and changing. 
7 The grid-tank coil for the subcarrier oscillator is the plate- 
tank coil for the reactance tube. It has a marked influence on the 
free-running frequency of the oscillator. Mistuning of the coil 
causes the oscillator to “pull” which causes wrong colors in the 
picture. Colors cannot be corrected by adjustment of the color- 
phasing control. Color sync becomes poor and unstable, also. 

8 When the B+ voltage to the oscillator tube is low, the output 
is weakened. Much too low voltage causes the oscillator to be- 
come intermittent or to cease operation. If the oscillator tube is 
used as a voltage divider, black-and-white sync will be impaired, 
as well as color sync. 

9 A faulty reactance-tube circuit loads the oscillator incorrectly. 
In severe cases, the oscillator stops running. Minor faults cause 
a wide variety of color-reproduction and color-synec symptoms. 
The faulty circuit can be neten as explained in the earlier part 
of this Section. 

10 If the plate tank of a shock-excited oscillator is mistuned, 
color syne becomes poor. The “pulling” action which results also 
causes wrong colors in the picture, which often cannot be cor- 
rected with the color-phasing control. “Pulling” also causes 
changing colors in the picture. 

11. Wrong bias on the clipper tube can cause lack of clipping, 
which in turn makes the color intensity change from left to right 
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across the picture. Too high bias weakens the subcarrier output, 
resulting in poor color sync, weak color in the picture, or no 
color in severe cases. 

12 A defective crystal in any type of oscillator “kills” the color 
in the picture. The circuit will not oscillate until the crystal is 
replaced. 


Section 19 


COLOR KILLER AND 
AUTOMATIC CHROMA CONTROL 


ALL color receivers have color killers of one kind or another. 
Most color receivers also have automatic chroma control (ACC). 
A color killer is a manual or an electronic switch which turns 
the chroma channels. “off.” The chroma channels are turned off 
during reception of black-and-white programs to prevent color 
noise (confetti) and color streaks from flashing through the 
black-and-white picture. 

An ACC circuit is like an AGC circuit. However, an ACC 
circuit operates between the burst-phase detector and the band- 
pass amplifier. The ACC voltage controls the gain of the band-pass 
amplifier, just as an AGC voltage controls the gain of the r-f 
amplifier and the i-f amplifier. It is helpful to have ACC control 
in addition to AGC control, because the color signal sometimes 
rises and falls differently from the Y signal. The Y signal may 
go up, while the color signal goes down, or vice versa. 

The AGC circuit in the receiver responds only to the voltage 
of the horizontal-sync pulses, which are part of the Y signal. The 
ACC circuit, however, responds to the voltage of the burst, which 
is part of the color signal. A background for understanding color 
killers and ACC circuits has been provided in Section 15. We are 
ready to study troubles which occur in such circuits in detail. 


Color-Killer and/or ACC Control Voltages 
Are Provided by the Burst-Phase Detector 


The basic circuit for a burst-phase detector is shown in Fig. 
19-1. The input transformer is tuned to 3.58 Mc. The primary 
of the transformer is fed from the burst amplifier. The burst 
amplifier is gated. Hence, no signal is applied to the inci aia 
detectors unless a color program is tuned in. 

When the receiver is tuned in to a color program, the phase 
detectors are fed a series of 3.58-Mc color bursts. A scope at the 
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primary or secondary of the input transformer shows these 
bursts, as seen in Fig. 19-2. Hence, in case of faulty color-killer 
or ACC action, we test here first. If the input signal to the phase 
detectors is not present, it is impossible for the following color- 
killer and ACC circuits to function. 

The burst signal causes current flow in the diodes. (See Fig. 
19-3.) The 3.58-Mc subcarrier-oscillator signal also causes current 
flow. Each burst causes an increased current flow. When the 
burst is strong, the current increase is large. When the burst is 
weak, the current increase is small. 
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Fig. 19-1 The burst-phase detectors obtain no signal input unless the re- 
ceiver is tuned in to a color program. 


ne BURST AFTER GATING 


Fig. 19-2. The color-burst input signal to the burst- 
phase detectors is the source of the color-killer and ACC 
control voltages. 
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Fig. 19-3 A negative voltage appears at point N. This voltage rises and falls, 
depending on the strength of the color burst. 

The cathode of the upper diode produces a positive voltage, 
as shown at P in Fig. 19-3. On the other hand, the plate of the 
lower diode produces a negative voltage, as shown at N. This 
negative voltage is used as a control voltage for the color-killer 
and ACC circuits. 

To obtain ACC action, this voltage is applied to the control 
grid of the band-pass amplifier, as shown in Fig. 19-4. To check 
the ACC action at the grid of the tube, you can apply a d-c 
VTVM. Drive the receiver with the output from a color-bar or 
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Fig. 19-4 Color-killer or ACC biases are applied to the grid of the band- 
pass amplifier. Checks are made with a d-c VTVM. 
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rainbow generator. Then, read the d-c bias on the grid as the 
chroma output from the generator is varied. The bias should 
be greatest when the chroma signal is strongest, and vice versa. 
If not, trouble is indicated in the ACC circuit. 

When the chroma signal is turned off completely, you should 
then note an abrupt rise of negative voltage at the grid of the 
band-pass amplifier. This is color-killer bias, which switches off 
the chroma channels electronically. The strong negative bias cuts 
off the band-pass amplifier tube. 


Switching Tube Used for Color-Killer Action 


Although the negative d-c voltage from the burst-phase de- 
tector can be used for ACC action, it cannot be used directly for 
color-killer operation. You will see that when the burst is absent, 
the negative-output voltage from the phase detector is least. 
This is not what we want for color killing. We must have a high 
negative voltage for switching action, when the burst disappears. 
This is done by means of a color-killer tube, as illustrated in 
Fig. 19-5. 
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Fig. 19-5 Negative bias from the burst-phase detector prevents the color- 
killer tube from conducting. 


The plate of the color-killer tube is not supplied with B+ 
voltage. Instead, it is pulsed from the flyback transformer. If the 
tube conducts, each positive pulse causes a surge of plate cur- 
rent. This surge charges up the 4,700-yyf, the 680-yuf, and the 
100-ynpyf capacitor to a high negative voltage. The negative voltage 
cuts off the chroma-amplifier tube (kills the chroma signal pas- 
sage). This is the normal condition of the chroma or band-pass 
amplifier during black-and-white reception. 
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Now, consider the presence of a color signal in the receiver 
circuits. A burst signal is applied to the burst-phase detector. 
A negative d-c output voltage appears, which is applied to the 
grid of the color-killer tube. This negative voltage cuts off the 
tube. Now, the positive pulses on the plate of the killer tube no 
longer draw plate current. No negative bias is applied to the 
grid of the chroma amplifier. The chroma signal can pass through 
the circuit, as desired. 


Color Killer in Crystal-Ringing System 


A burst-phase detector, as shown in Fig. 19-1, is used in color- 
sync systems having a reactance tube. Some color receivers “ring” 
the subcarrier crystal directly with the burst signal, as indicated 
in Fig. 19-6. No phase detector is present. Hence, another method 
is used to obtain color-killer action. 


Fig. 19-6 Some color receivers do not have a phase detector. Color sync is 
obtained by “‘ringing’”’ the subcarrier crystal directly with the burst signal. 


The ringing arrangement is depicted in Fig. 19-7. It is evident 
that when no color burst is present, there is no CW output from 
the 3.58-Mc crystal. However, when a color signal enters the 
receiver, the bursts “ring” the crystal, and a CW output appears. 
To obtain color-killer action, this 3.58-Mc CW voltage is often 
applied to a bias rectifier, as seen in Fig. 19-8. A voltage doubler 
is used to obtain a strong negative d-c output, even on a weak 
burst signal. This negative bias is applied to the grid of the 
color-killer tube. The plate of the tube is pulsed, as explained 
previously. 

The d-c output from the color-killer tube may be applied to 
the chroma detectors, as indicated in Fig. 19-8, or in other re- 
ceivers may be applied to the grid of the band-pass amplifier. The 
same control result is obtained in either case. | 
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In Fig. 19-8, C1 couples the 3.58-Mc wave to the bias-rectifier 
tube. Full-wave rectification occurs in V1 and V2. The output from 
the rectifier is a series of d-c pulses. The pulses are smoothed to 
practically pure d-c in the low-pass filter R1, R2, C2, C3, and C4. 
This smooth d-c bias is applied to the control grid of the color- 
killer tube. 


3.58 MC CRYSTAL 


Cw OUTPUT 


Fig. 19-7 During black-and-white reception, there is no 3.58-Mc CW output 
from the crystal ringing circuit. A color burst, however, produces CW output. 
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Fig. 19-8 The 3.58-Mc CW wave is rectified in a doubler circuit. The nega- 
tive d-c output is applied to the grid of the color-killer tube. 


Some receivers use another source of bias, instead of the 
3.58-Mc CW output from the ringing crystal, to control the color- 
killer tube. The ringing crystal is followed by a limiter tube, to 
obtain a uniform 3.58-Mc subcarrier voltage. A limiter is driven 
into grid current. In consequence, the grid circuit of the limiter 
operates as a rectifier. The coupling capacitor to the grid of the 
limiter charges negatively whenever a burst signal is coming 
through. 
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Hence, we can use the grid bias from the limiter tube to con- 
trol the color-killer tube, as illustrated in Fig. 19-9. The bias from 
the limiter is further smoothed by a series resistor and the 
5,000-u.uf capacitor shown in the diagram. The plate of the color- 
killer tube is pulsed, as has been explained. 
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Fig. 19-9 The color-killer grid is controlled by negative bias voltage from 
the 3.58-Mc limiter grid circuit, in some receivers. 


The d-c pulse current from the tube is filtered by the 0.001-yf 
coupling capacitor (to the flyback transformer), by the 47-k re- 
sistor, and Cl. The color-killer bias may be applied to the band- 
pass amplifier in some receivers, or to the chroma demodulators 
in other receivers. 


Manual Color Killers, and Combination 
Manual-Electronic Systems 


A few color receivers use manual color-killer switches, as seen 
in Fig. 9-10. These are not as satisfactory as electronic switches, 
because the set-owner must turn the switch off or on, depending 
on whether a color or black-and-white program is being received. 

The color-killer switch shown in Fig. 19-10 operates by remov- 
ing screen voltage from the chroma demodulators. This is effec- 
tive, because the tubes cannot conduct without screen voltage 
present. The receiver will display a black-and-white program 
with the color-killer switch “on,” but reception is usually objec- 
tionable because of color noise in the picture. The viewer must 
turn the switch “off” to obtain a good black-and-white picture. 

You will find that many color receivers have a manual color- 
killer switch in adition to electronic color-killer control. This is 
done to insure that the viewer can have good black-and-white 
reception even under noisy signal conditions. When the noise 
level is high, the electronic color killer may not be entirely 
effective. Strong noise pulses may force their way through the 
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burst-phase detector, and produce flecks and streaks of color 
noise in the black-and-white picture. Likewise, strong noise pulses 
can produce undesired impulses in a crystal-ringing circuit. 
Hence, if reception is unsatisfactory due to high noise voltages, 
the set-owner can use the manual color-killer switch to supple- 
ment the electronic killer. This insures that no color noise will 
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Fig. 19-10 A manual color-killer switch. Screen voltage is applied or re- 
moved from the chroma demodulators. 


appear in the black-and-white picture, under any conditions. 
Usually, the electronic color-killer is adequate. In this system, 
the manual color-killer switch is a part of the color-intensity 
control. 


Combined Color-Killer and ACC Systems 


You will also find combined color-killer and ACC systems in 
modern color receivers. Fig. 19-11 shows a typical arrangement. 
The flyback pulse is applied in negative polarity to the grid of 
the killer tube. It is amplified by the tube, and appears as a 
positive pulse in the plate circuit. This positive pulse is fed to 
the grid of the band-pass amplifier tube. Grid current is drawn 
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during flyback, which produces a negative signal-developed bias 
for the band-pass amplifier tube. 

This negative bias is normally high enough to keep the band- 
pass amplifier tube cut off during the forward scan. In this man- 
ner, the chroma circuits are “killed” during reception of black- 
and-white programs. 

During a color program, on the other hand, a burst signal is 
fed to the burst-phase detector. A negative d-c output from the 
phase detector is then fed to the grid of the killer tube, as seen 
in Fig. 19-11. The gain of the killer tubes goes down. The flyback 
pulse is not amplified. Hence, no grid current is drawn by the 
band-pass amplifier tube, and the chroma signal can pass. How- 
ever, the grid of the band-pass amplifier is not completely un- 
biased. Note in Fig. 19-11 that the negative d-c voltage from the 
phase detector now feeds to the band-pass amplifier as well as 
to the killer tube. 
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Fig. 19-11 A combined color-killer and ACC circuit. 


The gain of the band-pass amplifier is now under control of 
the d-c output voltage from the burst-phase detector. When the 
color signal is strong, the burst is strong. The grid of the band- 
pass amplifier is biased to a comparatively high value, and the 
band-pass gain is low. But, if the color signal is weak, the grid of 
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the band-pass amplifier is biased to a low value, and the band- 
pass gain is high. 

As the strength of the color signal weakens beyond a certain 
point, the bias on the killer grid permits the killer tube to con- 
duct. Now, strong positive pulses are fed to the grid of the band- 
pass amplifier tube, and it is cut off. Thus, the color killer pre- 
vents very weak color signals from passing through the band-pass 
amplifier. 

You will note from Fig. 19-11 that this cut-off point of the 
color tube is determined by the setting of the killer threshold con- 
trol. This is a service control which is adjusted at the time of 
receiver installation. It is adjusted to obtain the desired killer 
action. Usable color signals should be allowed to pass, but the 
threshold must be set high enough to eliminate all color noise 
from black-and-white pictures. 

You will also note in Fig. 19-11 that the color saturation (color 
intensity) control determines the amount of bias reaching the 
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Fig. 19-12 The locked-oscillator type of subcarrier oscillator develops killer 
and ACC voltages in some receivers. 
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band-pass amplifier tube. When this control is turned to the 
left, a stronger positive pulse is applied to the grid of the band- 
pass amplifier. The ACC bias increases, and thus is under the 
viewer’s control. 

There is a typical trouble symptom which is encountered in 
this system, which is sometimes unsuspected. The positive pulse 
which drives the grid of the band-pass amplifier tube draws grid 
current. This grid current flows in pulses. It charges up the grid 
capacitor of the band-pass amplifier, and the other capacitances 
in this circuit. The bias must “hold” at a practically constant 
level during the forward scan. 
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Fig. 19-13 The color-killer bias from the 1N367 controls the grid of a color- 
killer tube. 

In case the bias decays appreciably between bursts, the gain of 
the band-pass amplifier is less at the beginning of the scan, than at 
the end of the scan. This causes the color saturation in the picture 
tube to be weak at the left of the screen, and strong at the 
right of the screen. Bias decay is caused by resistors decreasing 
in value, or by capacitors opening up. This lowers the time con- 
stant of the band-pass amplifier grid circuit. 


ACC and Color-Killer Biases from 
Locked-Oscillator System 


Still another color-syne system providing ACC and color-killer 
biases is seen in Fig. 19-12. The output from the burst amplifier 
is injected directly into the grid circuit of a quartz-crystal oscil- 
lator. The 1N367 diode rectifies a portion of the 3.58-Mc grid 
signal, and the rectified output is used as color-killer and chroma 
(ACC) bias. 

The color-killer bias is applied as a control voltage to the grid 
of a color-killer tube, as shown in Fig. 19-13. The operation of 
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Table 19-1 
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11 Leaky charging capacitor 
12 Open charging capacitor 
13 Leaky filter capacitor 

14 Open filter capacitor 


ACC-KILLER CIRCUIT 
15 Threshold control open 


16 Threshold control shorted 
17 Coupling capacitor leaky 
18 Coupling capacitor shorted 


19 Plate voltage low 
20 Plate voltage high 


21 ACC resistor wrong value 
22 Grid pulse weak 
23 Crystal diode bad 


COLOR KILLER AND AUTOMATIC CHROMA CONTROL 319 


the killer tube is the same as has been explained previously. The 
killer tube cuts off the chroma demodulators when no control 
voltage is fed to the killer grid. 

First consider the circuit of Fig. 19-12 when no burst signal 
is coming through the burst amplifier. The 3.58-Mc oscillator is 
free-running, and the grid voltage is at a reference level. This 
level is not sufficient to bias off the killer tube. The killer con- 
ducts, and the chroma demodulators are cut off. 

Next, consider reception of a color signal. The burst is now 
added to the oscillator voltage. The level of the grid voltage is 
the sum of the burst and oscillator voltage. The 1N367 feeds a 
much higher output voltage to the color killer. The killer is cut 
off, and the chroma demodulators are operative. A part of the 
d-c output from the 1N367 is fed to the grid of the band-pass am- 
plifier. This operates as an ACC voltage. 

When the color signal is strong, the burst is strong, and a high 
ACC bias is fed to the band-pass amplifier grid. On the other 
hand, a weak color signal results in a weak ACC bias. Proper 
operation of the circuit is checked with a d-c VIVM at the out- 
put of the 1N367. This will show if the crystal rectifier is oper- 
ating properly. Trouble in the burst-drive circuit is checked with 
a wide band scope. As shown in Fig. 19-12, a 70-volt positive pulse 
is fed to the grid of the burst amplifier. A 180-volt positive pulse 
is fed to the plate of the burst amplifier. Weak pulse voltages 
stop passage of the burst. 


Picture Symptoms and Common Causes 


The following numbered paragraphs give necessary explana- 
tions of the picture symptoms and their usual causes, listed in 
Table 19-1. 

1 When there is leakage from the keyer winding to the core 
of the flyback transformer (see Fig. 19-3), the keyer pulse is 
distorted. Usually, it is weakened and thrown out of time. A weak 
burst (see Fig. 19-2) is applied to the color-AFC diodes. The 
d-c output voltage is weakened, and control action is lessened 
or lost completely. The color killer keeps the band-pass amplifier 
cut off even for strong chroma signals, in bad cases. 

2 When the keyer winding (Fig. 19-3) is open, there is usually 
no color in the picture. The color killer is not biased off, due to 
weak or no d-c control voltage from the color-AFC diodes. In 
some cases, the color killer becomes operative on strong signals. 
However color contrast is weak and color sync is poor. 
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3 In case the keyer winding (Fig. 19-3) is completely shorted, 
there is no color in the picture, due to lack of pulse voltage to 
the burst amplifier. One or two shorted turns in the keyer wind- 
ing weaken the pulse and throw it out of time. The color killer 
will then operate on strong signals only. Color sync is poor. 

4 Arcing in the flyback windings causes the amplitude of the 
keyer pulse to fall whenever an arc is present. The symptoms 
range from weak color and poor color syne to drop-out of color. 
5 A wrong time constant in the network between the keyer 
winding and the burst amplifier causes poor killer action and poor 
color syne. You often will find that the horizontal-hold control 
must be adjusted nearly to the point of picture tearing to make 
color appear in the picture. Wrong values of resistance or capaci- 
tance in the keyer-winding circuit cause this trouble. In severe 
cases, color is completely absent from the picture. 

6 A leaky coupling capacitor from the keyer winding to the 
plate of the color killer (see Fig. 19-8) partially or completely 
short-circuits the plate of the tube to ground in most receivers. 
Color-killer action is no longer effective. 

7 An open coupling capacitor makes the color killer ineffective. 
(See C5 in Fig. 19-8.) The pulse is not fed to the plate of the 
color-killer tube. 

8 The plate voltage to the color-killer tube (see Fig. 19-5) some- 
times becomes low because of increase in the value of the plate- 
load resistor. Trouble in other sections may also reduce the plate 
voltage. When the plate voltage is low, the gain of the chroma 
amplifier becomes weakened. Very low values of plate voltage 
prevent passage of the chroma signal. 

9 Wrong grid voltage at the color-killer tube changes the thresh- 
old of operation. In receivers which have no threshold control 
(early color receivers), the color-killer may be inoperative over 
the desired signal range. Receivers with threshold controls re- 


quire adjustment of the control to an extreme end of its range, . 


when the grid bias is wrong on the killer tube. In severe cases, 
the control cannot be turned. far enough to obtain correct 
operation. 

10 Weak plate pulses result in low bias output from the color- 
killer tube. The chroma channels are not disabled properly dur- 
ing reception of black-and-white programs. 

11 A leaky charging capacitor in the bias-rectifier circuit (C1 or 
C2, Fig. 19-8) reduces or eliminates the control voltage to the 
grid of the color-killer tube. The chroma channels remain in- 
operative, although the burst signal is strong. 
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12 See 11. 

13. A leaky filter capacitor in the bias-rectifier circuit (C3, Fig. 
19-8) reduces or eliminates the color-killer control voltage. 
(See 11.) 

14 An open filter capacitor causes ripple in the control voltage 
to the color killer. On weaker chroma signals,.a variation in 
color shading appears from left to right across the screen. 

15. When the threshold control is open in circuits such as shown 
in Fig. 19-11, the grid bias on the killer tube is incorrect. (See 9.) 
A sudden jump in killer action is noted as the arm of the con- 
trol moves over the open spot. 

16 When the threshold control is shorted (Fig. 19-11) no effect 
is produced by control adjusment. The bias on the killer-tube grid 
is also incorrect, and the killer circuit is inoperative. 

17. A leaky coupling capacitor to the grid of the killer tube 
(Fig. 19-11) makes the bias low or zero on the killer tube. The 
tube conducts continuously. 

18 See 17. 

19 Low plate voltage to the killer tube (Fig. 19-11) makes the 
killer tube fail to operate at the correct threshold. Color noise 
appears in black-and-white pictures. 

20 High plate voltage on the killer tube (Fig. 19-11) is caused 
by incorrect values of the bleeder resistors between cathode and 
the B+ source. When much too high, the killer threshold is 
thrown out of range. 

21 The ACC resistor (3,900-ohm resistor in Fig. 19-11) causes 
loss of killer and ACC action when it opens up. The band-pass 
amplifier operates continuously at excessive gain. A shorted ACC 
resistor throws the range of the color-saturation control off. 

22 A weak grid pulse (Fig. 19-11) throws the killer threshold 
- control off range. No grid pulse causes the band-pass amplifier 
to operate continuously when black-and-white programs are 
tuned in. 

23 A bad crystal diode (Fig. 19-12) causes loss of killer and 
chroma (ACC) bias. It causes the band-pass amplifier to operate 
continuously at excessive gain. 


Color-Killer Threshold 


Most color receivers have a color-killer threshold control. The 
control can be set to obtain color reception at the prevailing 
signal level. At the same time, the color killer prevents noise 
and interference voltages from entering the chroma channels 
during black-and-white reception. 
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However, some of the earlier color receivers did not have a 
color-killer threshold control. The color killer could operate 
only at a fixed level. 

Sometimes, you will be called upon to service one of these 
earlier model color receivers. When such a receiver is used in 
a weak-signal area, or with a low-gain antenna, complaint is 
sometimes made that the color killer does not operate properly. 
For example, on a weak signal, the receiver may reproduce a 
black-and-white picture only. Or, the color may fluctuate in and 
out of the picture, as the signal level rises and falls. 

In such case, a color-killer threshold control can be installed. 
Use a potentiometer instead of the input resistor to the color- 
killer tube. This permits the control voltage of the killer tube 
to be adjusted as required. The color-killer threshold can then 
be set for best operation in the particular area. 

The maximum value of the potentiometer should be the 
same as that of the fixed resistor which it replaces. Then, 
lower values in setting permit the killer tube to “open” at 
lower signal voltages. 


Section 20 


HORIZONTAL AND 
VERTICAL SYNC SECTIONS 


THE horizontal and vertical syne sections are the same in both 
black-and-white and color receivers. The circuits operate at 
slightly different frequencies on color programs, and on black- 
and-white programs. The horizontal sync section operates at 
15,734 cycles on a color program, and at 15,750 cycles on a black- 
and-white program. Likewise, the vertical sync section operates 
at 59.9 cycles on a color program, and at 60 cycles on a black- 
and-white program. These frequencies are nearly the same, and 
do not affect practical operation or troubleshooting of circuits. 

The syne frequencies are slightly different on color programs 
- to obtain frequency interleaving of the picture and sound carriers 
with the color subcarrier. Interleaving reduces the 3.58-Mc dot 
structure in the picture, so that it does not produce objectionable 
interference. The frequency-interleaving principle causes the 
subcarrier dots in every other frame to cancel out. 

When receiving color programs, the horizontal syne pulse has 
a color burst on the back porch. However, the color burst is 
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Fig. 20-1 Signal paths through the sync section. 
323 
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stripped off the sync pulse through the sync tubes and circuits. 
The stripping action is caused by the limited band width of the 
horizontal syne circuits, which suppresses the 3.58-Mc burst. 
Hence, the horizontal sync pulse which passes through the syne 
circuits is the same, whether the receiver is tuned to a color or 
to a black-and-white program. 


‘D 


Fig. 20-2 Horizontal trace with poor frequency compensation (A) and with 
better compensation (B). Vertical trace with poor compensation (C) and with 
better compensation (D). 
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The band width of the horizontal sync circuits is seldom more 
than a megacycle. The vertical syne section has much less band 
width, since these circuits operate with 60-cycle pulses. It is 
undesirable to have more band width than necessary in a sync 
circuit, because excessive noise is passed by wide-band circuits. 

As shown by Fig. 20-1, signal input to the sync section is from 
the video amplifier or detector. Sync output is to vertical and 
horizontal sweep oscillators. The input to all sync sections is a 
composite television signal consisting of horizontal sync pulses, 
vertical sync pulses, equalizing pulses, blanking intervals, and 
picture signals. 
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Fig. 20-3 Two triodes in a sync section. 


From the composite signal the syne section must form vertical 
synchronizing pulses which go through a vertical (integrating) 
filter and trigger the vertical sweep oscillator, also horizontal 
synchronizing pulses which go to the horizontal afc system for 
control of the horizontal sweep oscillator. 


Oscilloscope For Testing 


The function of the sync section is to receive waveforms of a 
complete video signal and deliver waveforms suitable for syn- 
chronizing the sweep oscillators. Since necessary changes of 
waveform may be observed only with an oscilloscope, the scope 
is a great time saver when locating faults in any sync section. 

The oscilloscope need have only moderate vertical gain, some- 
thing like 0.05 rms volt per inch or even less being sufficient. The 
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vertical attenuator should be frequency compensated and a com- 
pensating probe with shielded cable should be used. This is 
especially necessary for observing horizontal pulse traces. 

At A of Fig. 20-2 is a horizontal trace seen with poor compensa- 
tion, and at B is a similar signal with satisfactory compensation. 
At C is a vertical trace with poor compensation, and at D with 
good compensation for similar signals. 


Sync Sections With Triodes 


In Fig. 20-3 are circuit connections for a widely used sync 
section employing two triodes which may be in the same envelope 
or else portions of two separate tubes used also for other pur- 
poses. 


Fig. 20-4 Satisfactory video signals are the first requisite for good synchro- 
nization. Horizontal (A) and vertical (B). 


Input for this sync section is taken through resistors and capaci- 
tors from the plate load of the video amplifier to the grid of tube 
A. Tube A often acts chiefly as a syne amplifier, but is operated 
with plate voltage low enough to limit or clip the positive peaks of 
sync pulses that come from the video amplifier. 

There is polarity inversion in tube A and again in tube B, mak- 
ing pulse polarity at the plate of B the same as at the plate of the 
video amplifier. Output from tube B goes through an integrating 
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filter to the vertical oscillator and through a capacitor to the 
horizontal afc system. 

At the sync takeoff from the video amplifier the horizontal and 
vertical waveforms should have, as in Fig. 20-4 reasonably flat 
topped sync pulses without excessive slope or fuzziness. Height 
of the pulses alone should be at least one-fourth of total peak-to- 
peak height of video signals for light-toned pictures. 


Fig. 20-5 Sync pulses of limited amplitude make synchronization difficult or 
impossible. Horizontal (A) and vertical (B). 


If syne pulses are low in proportion to the total video signal, 
as illustrated by Fig. 20-5, it will be nearly impossible to have 
good synchronization of pictures. Such limiting of sync pulses 
nearly always is due to overloading in the video amplifier. Over- 
loading may result from insufficient plate or screen voltage, from 
grid bias not sufficiently negative, or from excessively strong 
signals from the video detector. 


Video Signal Filtering 


In Fig. 20-3 video signals on their way to the first syne tube pass 
through a series resistor Rs and series capacitor Cs, also through 
resistor Rp and capacitor Cp in parallel. A resistor and capacitor 
paralleled might be at any one or more of the positions marked 
a, b,c and d in Fig. 20-6. 

A series resistor, Rs, prevents the first syne tube from taking 
too much signal strength away from the video amplifier output, 
it isolates the syne section from the video amplifier. Resistance 
value usually is from 10K to 33K ohms, which reduces strength 
of signals reaching the sync section. Resistance sometimes is 
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changed to smaller value if more effective sync action is needed, 
and if the change does not adversely affect signals from video 
amplifier to picture tube. 

A series capacitor, Cs, blocks high B+ voltage in the video 
amplifier plate circuit from the grid of the first sync tube, and 
thus allows suitable grid biasing for the sync tube. Series capaci- 
tors most often range from 0.002 uf to 0.02 nf. 

A resistor and capacitor in parallel have the apparent effect, 
as observed with the scope, of “cleaning up” the pulses when it is 
needed. Horizontal pulses of Fig. 20-4 appear as in Fig. 20-7 upon 
reaching the grid of the first syne tube. Fuzziness is removed and 
steepness of leading edges is maintained or improved. 

Effects of a parallel resistor-capacitor filter are not so apparent 
in vertical pulse traces, but the effects are there just the same. 
Paralleled resistors range from 100K to 470K in most sets while 
paralleled capacitors range from 220 to 470 puf. Values are chosen 
for best results in each receiver circuit. 

All or most of the series and parallel resistors and capacitors 
may be in a single printed circuit unit, such as a couplate, 
enclosed in molded plastic with pigtail leads. 


Sync Amplifier 


One of the triodes in Fig. 20-3 is an amplifier and the other is a 
separator or clipper. The first tube might serve either function 


Horz AFC 


= B+ 


Fig. 20-6 Resistors and capacitors in series or in parallel may be at various 
points in the sync circuits. 
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Fig. 20-7 Filter capacitors help improve the waveform of sync pulses. Com- 
pare Fig. 20-4A. 


Fig. 20-8 Horizontal waveforms (A) and vertical (B) of these general types 
should appear after a sync separator triode. 
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while the second tube serves the other function. How a tube 
performs depends on plate and grid voltages. 

For example, about 50 volts on a triode plate and 5- or 6-volts 
negative bias on its grid allows considerable amplification. But 
strongly positive peaks of syne pulses, also noise pulses, exceed 
the bias and there is plate current limiting of pulse peaks on the 
plate output. 


Sync Separator Or Clipper 


With voltage so low as 15 to 30 on a triode plate, and with grid- 
leak biasing, negative picture signals and often the lower portions 
of sync pulses drive the grid to plate current cutoff. The result 
is removal of picture signals and maybe part of the sync pulses. 
The tube is called a separator or clipper, two names used to 
describe the same function. 
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Fig. 20-9 A sync section consisting of one triode acting as a separator or 
clipper. 


At the separator plate appear horizontal pulses of the general 
form in Fig. 20-8 at A and vertical pulses such as at B. Whether 
polarity of these pulses is negative, as shown, or is positive 
depends on whether the separator immediately follows a video 
amplifier whose output has sync pulses positive or negative. Any 
sync tube between video amplifier and separator will invert the 
pulses. 

These horizontal and vertical pulses accompanied by little or 
no picture signal are highly important. Something of this kind 
will appear somewhere in every sync section that is working 
properly. 
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The separator or clipper is the essential tube of the sync section. 
Other tubes may amplify, limit or invert the pulses, but the 
separator forms the pulses for application to following sweep 
oscillator circuits. 

In Fig. 20-9 the only sync tube is a separator or clipper with the 
usual series and paralleled resistors and capacitors in the line 
from the video amplifier. The separator grid return might be 
through a high resistance to ground, as in other diagrams, or, as 
here, to a line carrying age voltage. The age connection may be 
through a resistor at a, with a capacitor used at b, or the agc 
connection may be through a resistor at c. 

A separator grid always is negatively biased to a degree which, 
acting with low voltage on the plate, causes plate current cutoff 


Fig. 20-10 Horizontal signals (A) and vertical (B) at sync takeoff from video 
amplifier plate circuit. 
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of all negative portions of video signals. These are the portions 
containing picture signals. The required negative bias may be 
from the age system, as in Fig. 20-9 but more often is secured 
from grid-leak biasing. 

The separator amplifies the sync pulses to some extent while 
cutting off the picture signals. In addition, because of low plate 
voltage, the separator limits the positive peaks of sync pulses. 
This limiting occurs at the point where grid current commences 
to flow for maintaining a charge in the capacitor used for grid- 
leak biasing. 

In a receiver using the sync system of Fig. 20-9 the horizontal 
and vertical signals from the video amplifier plate appeared as in 
Fig. 20-10. After passing through the resistors and capacitors the 
signals at the separator grid were as in Fig. 20-11. At the sepa- 
rator plate the signals to vertical integrating filter and to hori- 
zontal afc appeared as in Fig. 20-12. 

Note that separator output waveforms of Fig. 20-12 are es- 
sentially equivalent to those of Fig. 20-8. These are the typical 
separator outputs which always should appear. 

Traces of Figs. 20-10, 11 and 12 were taken without altering 
vertical gain of the oscilloscope. It is apparent that sync pulses 
at the separator plate (Fig. 20-12) have been amplified in com- 
parison with pulses at the grid (Fig. 20-11). 

Fig. 20-13 shows another sync section using only a separator. 
The separator feeds to a phase splitter which is considered part 
of a following afc system employing a phase detector. Note the 
direct conductive coupling from separator plate to splitter grid. 
The separator plate and splitter grid may operate at something 
like 10 to 15 volts positive. Cathode bias from resistor Rk on the 
splitter is slightly greater than positive voltage on the grid, thus 
providing a small effective negative bias for this tube. 


Two-Stage Separator-Clipper 


In Fig. 20-14 one tube is called a separator, another is called a 
clipper, and a third is a syne amplifier. The clipper is operated 
with a grid grounded for signal voltages, input being a direct 
connection from separator plate to clipper cathode. In a typical 
case the element voltages are as follows: 


Plate Grid Cathode 
Separator + 80 — 20 0 
Clipper + 130 + 30 + 80 


Amplifier + 80 — 3 0 
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Sync pulses are positive and picture signals negative from video 
amplifier to separator grid. The highly negative grid of the sepa- 
rator causes cutoff of negative picture signals in spite of the 
rather high plate voltage. 

Due to polarity inversion in the separator, sync pulses at its 
plate and at the clipper cathode are negative. The clipper grid is 


Fig. 20-11 Signal waveforms are improved as they pass through the syne in- 
put filter system. Horizontal (A) and vertical (B). 


30 volts less positive than its cathode, giving an effective 30-volt 
negative grid bias. Negative pulse peaks are cut off by the clipper 
to uniform height or amplitude. 


Horizontal and Vertical Separators 


In Fig. 20-15 there is a horizontal separator, a vertical sepa- 
rator, and a sync output tube. We shall follow signals through this 
rather elaborate sync section to learn that certain changes of 
waveform should occur in any sync section, no matter how the 
tubes are arranged. All traces were made without altering verti- 
eal gain of the oscilloscope. 

Fig. 20-16A shows video amplifier output signals observed at a 
of Fig. 20-15. At b, the horizontal separator grid, signals are 


334 PIN-POINT COLOR-TVY TROUBLES 


B 


Fig. 20-12 These signals are delivered from the separator plate to horizontal 
and vertical sweep sections. Both the horizontal (A) and vertical (B) signals 
go to both sweep sections. 


weaker and slightly rounded due to 10K ohms in series with the 
grid. At c, the horizontal separator plate, signals have the familiar 
forms observed earlier in Figs. 20-8 and 20-12. 

Video amplifier output signals go from a of the circuit diagram 
through series and paralleled resistors and capacitors to A, the 
vertical separator grid, arid there are seen to be well formed and 
sharp as in Fig. 20-17A. At the vertical separator plate, B, we 
find waveforms of Fig. 20-17B. These are generally similar to 
waveforms in Figs. 20-8, 20-12 and 10-16C. Beyond capacitor Cc, 
at point C on the circuit diagram, the pulses appear as in Fig. 
20-17C. | 

Signals from the horizontal and vertical separators combine at 
the sync output grid, 1 on the circuit diagram, and appear as in 
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Fig. 20-13 The single sync tube, a triode separator, feeds to a splitter or 
inverter used with a phase detector for horizontal automatic frequency control. 
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Fig. 20-14 Separate separator and clipper triodes are used for removing 
picture signals and for clipping or leveling the sync pulses. 


Fig. 20-18A. Combined signals at the output plate, 2 on the dia- 
gram, are as in Fig. 20-18B. These signals go to the vertical 
integrating filter through resistor Rv, also to the horizontal afc 
system through a paralleled resistor and capacitor. From this 
paralleled combination we have, at 3 on the diagram and in Fig. 
20-18C, sharp and well-defined horizontal pulses. 

Element voltages for the sync section of Fig. 20-15 were ap- 
proximately as follows while traces were photographed: 

Effective Voltages, 


Voltages Measured Measured To 
To Chassis Ground Cathode 
Plate Grid Cathode Plate Grid 
Horz Sep’r + 240 + 80 + 120 + 120 — 40 
Vert Sep’r + 80 — 35 0 + 80 — 39 
Output + 350 — 2 0 + 950 — 2 


Note that the separators have rather high effective plate volt- 
ages, but also highly negative grid biases. It is relative values of 
plate voltage and grid bias that determine whether a tube acts 
as a separator or an amplifier. 
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Fig. 20-15 A sync section having individual separators for horizontal and 
vertical sync pulses, with combined pulses fed to a sync output tube. 

In other sync sections employing individual horizontal and 
vertical separators the plates are tied directly together. Combined 
plate signals go to the grid of a splitter or else to a vertical inte- 
grating filter and a horizontal afc system. 


Sync Gating or Keying 


Fig. 20-19 shows one method of gating or keying a sync sepa- 
rator to lessen the effects of noise pulses which may accompany 
video signals. 

From the cathode of the video amplifier rather weak signals 
with sync pulses negative go to the separator cathode. These 
negative pulses at the cathode tend to make the separator con- 
duct. From the video amplifier plate a stronger signal with sync 
pulses positive goes to the separator grid, where these pulses tend 
to make the separator conduct. 

The separator operates with grid bias so negative as to maintain 
plate current cutoff except when separator cathode and grid are 
simultaneously acted upon by sync pulses from the video am- 
plifier. 


Pentagrid or Heptode Sync Tube 


Fig. 20-20 shows circuit connections for a widely used sync 
section employing a single pentagrid or heptode tube as combined 
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Fig. 20-16A Horizontal and vertical signals from the video amplifier as 
observed at a of Fig. 20-15. 


Fig. 20-16B Signals at horizontal separator grid, observed at b of Fig. 
20-15. 
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syne separator, syne amplifier and noise suppressor. Base pin 
numbers on the diagram are for tube types 6CS6, 6BY6 and 6BE6, 
all of which are 7-pin miniatures. 

To grid 1 (pin 1) is applied a composite signal from the video 
amplifier grid or video detector output, with sync pulses negative. 
Amplitude of this signal at the separator usually is 0.1 to 0.2 volt 
peak-to-peak. 

To grid 3 (pin 7) is applied a strong composite signal from the 
video amplifier plate, with sync pulses positive. The screen (pin 
6) is grounded for pulse voltages through capacitor Cs. Pulse 


Fig. 20-16C Signals at horizontal separator plate, observed at c of Fig. 
20-15. Either a horizontal or a vertical waveform may be seen, depending only 
on the sweep frequency of the oscilloscope. 


output is from the plate (pin 5) to a vertical integrating filter and 
a horizontal afc system as shown, or to a splitter grid where the 
horizontal afc tube is a phase detector. 

The return for grid 1 may be through the broken-line resistor 
Ra to ground, in which case the grid line will contain capacitor 
Ca. This resistor and capacitor provide grid-leak biasing. Other- 
wise the return from grid 1 may be direct or through resistor Rb 
to the video detector load Ro where there is negative d-c voltage 
for biasing grid 1 of the separator. 

Grid 1 is used only for gating the tube to exclude strong noise 
pulses which may accompany video signals. So far as separator 
action is concerned the tube would work as well with no signal 
to grid 1, or even with that grid grounded. 
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The separator function is carried out by grid 3 acting like the 
control grid in a triode separator, with the pentagrid plate acting 
like the triode plate, but with the suppressor of the pentagrid 
allowing greater amplification, as in a pentode. 

Grid 3 is held highly negative by grid-leak biasing of capacitor 
Cg and resistor Rg. This grid bias, in connection with low plate 
voltage, removes negative picture signals as in other separators. 
Because of low plate voltage there is limiting or clipping for peaks 
of sync pulses. 

Bias voltage on grid 1 determines average plate current. This 
bias is only enough negative for operation at or close to plate 
current cutoff except when sync pulses reach grid 3. Any noise 
pulse stronger than a regular sync pulse causes cutoff in spite 
of the fact that the same noise pulse comes from video amplifier 
plate to grid 3. 

Waveforms shown by following figures were observed in a 
receiver having a pentagrid or heptode syne tube. Traces are 
shown only for horizontal pulses at most points. D-c voltages on 
pentagrid elements were as follows, all measured to chassis 
ground: 


Grid 1 (pin 1) —0.1 Plate (pin 5) + 35 
Cathode (pin 2) 0 Screen (pin 6) + 16 
Grid 3 (pin 7) — 13 


Fig. 20-21 shows at A the signal from the video amplifier plate 
or plate load and at B the signal at grid 3 of the sync tube, after 
passing through a paralleled resistor and capacitor. 

The video signal at grid 1 of the sync tube normally is too weak 
for easy observation, but should be of the same form and polarity 
as at the video detector load or video amplifier grid, Fig. 20-22. 

Fig. 20-23 at A shows normal horizontal pulses from the plate 
of the pentagrid sync tube, and at B normal vertical pulses from 
the plate. Note the similarity to separator output pulses in Figs. 
20-8, 20-12, 20-16C and 20-17B. 

Grid 1 often is provided with adjustable bias by means of 
circuits such as those in Figs. 20-24 and 20-25. These adjustments 
may be given names such as: Fringe lock, noise canceller, noise 
control, or noise gate. Pix lock, syne control, syne lock, or sync 
stability. Positions of the adjuster may be marked Local-Normal- 
Fringe, or Strong-Normal-Weak, or anything equivalent. 

_ Bias voltage usually is variable between something like 0.5 volt 
negative and 0.3 volt positive. Bias is made less negative or 
slightly positive for localities where noise is weak in relation to 
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Fig. 20-17A Waveforms at the vertical separator grid, A of Fig. 20-15, after 
passing through sync filter elements. 


Fig. 20-17B At the plate of vertical separator, B in Fig. 20-15, these pulses 
appear with scope internal sweep timed for horizontal and vertical intervals. 
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Fig. 20-17C At C of Fig. 20-15 the pulse waveforms are nearly the same as 
at B. 


received signals. Bias is made more negative where noise is strong 
in comparison with desired signals. The adjustment is set to 
prevent loss of syne due to noise but not so negative as to cause 
pulling or bending of pictures. 

Excessive negative bias increases amplitude of video signals 
observed at grid 1. Then, as in Fig. 20-26, horizontal and vertical 
traces from the separator plate appear ragged and unsteady. 


Oscillator Feedback 


In many receivers the vertical sweep oscillator is a blocking 
type with a feedback transformer between oscillator plate and 
grid. At the grid of such an oscillator there are strong negative 
pulses. (See Fig. 20-27.) These pulses feed back through the ver- 
tical integrating filter to output of the last tube in the sync section. 

If the last syne tube is a separator its sync output will be 
affected by the oscillator feedback. Separator output (for vertical 
periods) will show the negative spikes of Fig. 20-27. To observe 
true sync pulses it is necessary to remove or disable the vertical 
sweep oscillator. If this oscillator is part of a twin tube that cannot 
be removed without disturbing the sync section, oscillation may 
be stopped temporarily by connecting the oscillator grid to ground 
through fixed resistance of 300 to 500 ohms. 
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If the sync separator or clipper is followed by any other sync 
tube such as a phase splitter or an amplifier, vertical oscillator 
pulses will not reach the separator output. 

Troublesome feedback does not occur with multivibrator verti- 
cal oscillators. 
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Fig. 20-18A Pulses from horizontal and vertical separators combine at the 
grid of the sync output triode, 1 of Fig. 20-15. 


Fig. 20-18B These horizontal and vertical waveforms appear at the sync 
output plate, 2 of Fig. 20-15. 
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Fig. 20-18C These horizontal pulses go to the horizontal afc system, from 
3 of Fig. 20-15. 


There is some feedback from horizontal afc systems to the 
output tube of the syne section, but it is not troublesome. The 
effect is small irregularities at the tips of horizontal sync pulses 
from a sync tube preceding an afc control. 


Oscilloscope Signal Tracing 


To determine whether trouble is in a sync section or elsewhere 
make the following observations: 

Temporarily remove or disable the vertical sweep oscillator and 
horizontal afc tube to prevent troubles in these following sections 
from affecting syne performance. If syne output then is the general 
form in Figs. 20-8, 20-12, 20-16C, 20-17B, 20-23, and is of satisfac- 
tory peak-to-peak voltage, sync section is operating normally. 

If syne output waveform is faulty, observe next the composite 
signal at the takeoff from video amplifier to sync section. It is 
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Fig. 20-19 One method of gating a sync separator triode. 
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advisable to temporarily remove the first tube of the sync section 
so that trouble in the section will not react on the video signals. 
If video signal is satisfactory, as shown by preceding scope traces, 
but sync section output is faulty there is trouble in sync section. 
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Fig. 20-20 A pentagrid or heptode tube acting as sync separator, amplifier 
and noise suppressor. 


Fig. 20-21 <A, video signal from amplifier plate. B, video signal at grid 3 of 
the pentagrid or heptode sync tube. 
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Fig. 20-22 A signal such as this goes from video detector or video amplifier 
grid to grid 1 of the pentagrid or heptode sync tube. 


Fig. 20-23 Horizontal pulses (A) and vertical pulses (B) from the plate of 
the pentagrid or heptode sync tube. 
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Fig. 20-24 Potentiometers for adjustment of bias on grid 1 of a pentagrid 
sync tube. 
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It is necessary to have a good video signal before checking for 
incorrect waveforms in the sync section. An unsatisfactory video 
signal usually means trouble in the video amplifier or ahead of it, 
but trouble could be in connections from sync takeoff to first syne 
tube. To check this latter possibility and observe a video signal 
free from all sync section influences the sync takeoff from video 
amplifier plate or grid circuit may be temporarily disconnected. 


Peak-To-Peak Voltages 


When measuring peak-to-peak voltages of a video signal the 
total height of an oscilloscope trace depends on whether received 
pictures are of light or dark tone. Picture portions of traces for 
bright pictures are high, and for dark pictures are low. But syne 
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Fig. 20-25 Switches for adjustment of bias on grid 1 of a pentagrid sync 
tube. 


Fig. 20-26 When bias on grid 1 of the pentagrid sync tube is too negative, 
horizontal pulses from the plate appear as at A, and vertical pulses as at B. 
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pulse height is independent of picture tone and remains constant 
until there is change of actual strength in received signals. 

Published peak-to-peak voltages for video signals usually are 
based on pictures containing areas of maximum white. Unless 
measurements can be made while receiving such pictures it is 
better to measure voltage of sync pulses, then multiply by 3.4 or 
3.5 to determine equivalent peak-to-peak voltages for bright pic- 
tures. 


Fig. 20-27. This waveform at a blocking oscillator grid may feed back to the 
output of the sync separator. 


When both vertical and horizontal traces may be observed it is 
easier and more accurate to measure either pulse heights or peak- 
to-peak values on vertical traces. Some of the voltages measured 
on scope traces of preceding figures are as follows: 


Fig. 20-10 Pulse 48 Fig. 20-18A Peak-p _ 60 
20-11 Pulse 2 20-18B Peak-p 48 
20-12 Peak-p 16 20-18C Peak-p 22 

Fig. 20-16A Pulse 32 Fig. 20-21A Pulse 8.0 
20-16B Pulse 28 20-21B Pulse tO 
20-16C Peak-p 56 

Fig. 20-22 Pulse 0.72 

Fig. 20-17A Pulse 28 Fig. 20-23A Peak-p 36 
20-17B Peak-p 60 20-23B Peak-p 36 
20-17C Peak-p 54 


Troubles and Symptoms 


The accompanying table lists faults which are fairly common 
in sync sections and gives the usual picture symptoms. Following 
paragraphs, numbered to correspond with faults in the table, 
give additional information. 
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Table 20-1 
SYNC SECTION 


VIDEO SIGNAL 
1 Too weak 


2 Too strong 


Fold, Horizontal 


Bending at Top 
Sync Absent 
Sync Critical 


SERIES CAPACITOR 
6 Leaky, shorted 


A 
ee 


PARALLEL R-C 

9 Shorted, leaky 
SEPARATOR TUBE 

10 Weak 

11 Cathode-heater leak 


Plate or Screen Voltage 
12 Low or zero 


13 Too high 


aan 
Pentagrid Grid 3 or 
Triode Grid 1 
14 Not negative enough Thy 


Pentagrid Grid 1 
15 Too negative 
16 Not negative enough 


1 <A weak video signal at grid 1 of a triode or grid 3 of a 
pentagrid separator prevents complete removal of picture com- 
ponents, which appear in the plate output to cause trouble. The 
signal from video amplifier to sync separator grid should be 
examined with the oscilloscope to determine where there is undue 
loss of strength. 

2 An excessively strong video signal at the sync separator may 
be caused by a leaky or shorted capacitor in the line to the 
separator, or by a series resistor which is too small. 
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3 Sync pulses which are limited or compressed (Fig. 20-5) most 
often indicate trouble in the video amplifier, usually plate or 
screen voltage too low, grid bias not enough negative, or ex- 
cessively strong signals into or out of the video detector. Check 
age voltage and action. 

4 If there is too little series resistance to properly isolate the 
syne section from the video amplifier the added load may so 
affect video amplifier output as to cause poor definition or inter- 
ference patterns as well as smearing or waviness. 

6 A leaky or shorted series capacitor makes separator grid bias 
insufficiently negative. This allows parts of picture signals to go 
through into the separator output. 

8 When following sync signals with an oscilloscope from video 
amplifier through the sync section the traces may be sharp at one 
point and ragged or fuzzy at the following point. This may be due 
to a faulty paper capacitor between the two points. Make replace- 
ment with a good quality 600-volt paper capacitor or else with a 
ceramic or mica type. 

11 The cathode of most separators and other sync tubes is 
grounded. Then cathode-heater leakage causes no visible trouble. 
If there is a cathode resistor there may be critical sync in case 
of a low-resistance cathode-heater leak. 

12-13 Plate or screen voltages on sync tubes usually may vary 
as much as 50 per cent up or down from normal values without 
seriously affecting sync action. 

14 Grid 3 of a pentagrid or heptode sync separator is equivalent 
in action to grid 1 or the control grid of a triode separator. Picture 
components will not be removed from applied video signals unless 
this grid 3 is sufficiently negative. Negative bias usually is secured 
from a capacitor and resistor in a grid-leak system. These units 
should be checked. 

15-16 Grid 1 of a pentagrid or heptode sync separator is used 
for noise suppression, not for separator action. Where noise is 
strong or received signals weak, voltage on grid 1 should be only 
negative enough to prevent noise from upsetting sync or hold 
action. In localities of strong signals or low noise level, grid 1 
adjustment may be made the least negative or most positive. 


Use of Scope in Troubleshooting 
The Sync Sections 


Scope tests in the sync sections should be made with a low- 
capacitance probe. The probe minimizes loading of the circuit 
under test. Thereby, false conclusions are avoided. 
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Standard low-capacitance probes have an attenuation factor 
of 10-to-1. They cut down the input signal to 1/10 of its initial 
value. However, the input impedance to the probe is 10 times 
higher than the input impedance to a direct probe. Hence, a low- 
capacitance probe loads a circuit only 1/10 as much as a direct 
probe. 

A 10-to-1 probe is better than an 8-to-1 probe, or a 12-to-l 
probe in practical work. This is because we must measure the 
peak-to-peak voltages of waveforms. The scope must be cali- 
brated. Then, when we plug in a 10-to-1 probe, we merely shift 
the decimal point one place to the right in the calibration factor. 
This is much easier than making divisions and working with odd 
fractions. 

For example, suppose that we have calibrated a scope for a 
sensitivity of 2 volts per inch. Then, if we plug in a 10-to-1 probe, 
we will know that the scope sensitivity is 20 volts per inch. Hence, 
the use of a probe with a 10-to-1 attenuation factor helps to speed 
up measurements of peak-to-peak voltage values. 

We will never measure exactly the same peak-to-peak voltages, 
as are specified in receiver service notes. There is always some 
variation. Hence, we need to know how much variation is normal, 
and at what point we would suspect circuit trouble. This point 
occurs at +20%. That is, we expect that normally operating re- 
ceivers will show up to +20% variation in peak-to-peak voltages. 
But, on the other hand, a variation of +30%, or +40% is out of 
the normal range—in such case, we proceed on the basis that 
trouble is indicated. 


Section 21] 


VERTICAL SWEEP 


BOTH color receivers and black-and-white receivers have similar 
vertical sweep sections. The only difference is that color re- 
ceivers tap off a sample of the vertical sweep voltage for driving 
the vertical dynamic-convergence circuits. This is explained in 
Section 28. 

Because the convergence circuits are driven from the vertical 
sweep circuit, there is interaction between the two. If you change 
the linearity or height of the vertical sweep, you will also change 
the convergence adjustment. To avoid this difficulty, the vertical 
sweep adjustments are always made before the convergence ad- 
justments. (Refer to Section 14 for details.) 


From Sync Vertical Coils 
Section In Yoke 
Integrating Oscillator And Output Output 
Filter Tube Or Tubes Transformer 
Hold Height Linearity 
Control Control Control 


Fig. 21-1 Principal parts of the vertical sweep section. 


The vertical sweep section extends from the output of the sync 
section to the vertical deflecting coils in the yoke, being comprised 
of elements whose electrical relations are shown by Fig. 21-1. 

The integrating filter changes each long serrated vertical sync 
pulse to a form capable of triggering the vertical sweep oscillator. 
At the same time this filter gets rid of horizontal sync pulses 
which come to it from the sync section. 
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There are two principal types of vertical sweep oscillators, 
blocking and multivibrator. With one variety of blocking oscilla- 
tor the transformer coupled feedback is from plate to grid, as 
shown by the simplified diagram at A of Fig. 21-2. With another 
variety of blocking oscillator, diagram B, the transformer feed- 
back is from cathode to grid. With any blocking oscillator the 
oscillatory current and voltage are generated in a single tube or 
tube section. The blocking oscillator is followed by an output am- 
plifier tube or tube section. 

A multivibrator oscillator requires two tubes or tube sections 
for generation of oscillatory current and voltage. The output volt- 
age from each section is fed to the input of the other section to 
maintain oscillation. With a cathode coupled multivibrator, shown 
in elementary form at A of Fig. 21-3, feedback is by means of 
voltage pulses developed across a cathode resistor common to both 
sections. The oscillator is followed by an output amplifier. 


nan 


aN 


Fig. 21-2 Blocking oscillators in simplified form. 


Fig. 21-3 Cathode coupled and plate coupled multivibrators. 


/ 
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With a more commonly used vertical multivibrator the feed- 
back is through capacitors from each plate to the other grid. A 
simplified circuit is illustrated by diagram B of Fig. 21-3. This is 
called a plate coupled, grid coupled or capacitor coupled multi- 
vibrator. In nearly all receivers using this type the second section 
acts also as an output tube which feeds to the vertical output 
transformer. 


From Sync | | | To Vertical 
Section T T T Oscillator 


bill 
= 


Fig. 21-4 Combinations of capacitors and resistors found in vertical inte- 
grating filters. 


It is important to remember, while locating trouble, that any 
vertical sweep section will operate to deflect the beam in the 
picture tube whether or not the oscillator is supplied with sync 
pulses. The only function of sync pulses is to time the oscillator 
with received pictures. 


Integrating Filter 

A few of the many variations of integrating filter circuits are 
shown by Fig. 21-4. Inputs from the sync section are assumed to 
be at the left of each filter, and outputs to the vertical oscillator 
are at the right. 
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All these are essentially low pass filters in which 60-cycle 
vertical pulses pass through series resistors while the higher 
frequency horizontal pulses are bypassed to ground through 
shunt capacitors. In addition there may be resistors to ground 
which act as voltage dividers, also series capacitors which block 
d-c voltage on the last sync tube from the grid or input of the 
vertical oscillator. 

All or part of the filter and associated resistors and capacitors 
may be in a printed circuit unit molded in plastic with pigtail 
leads. 


Triggering Polarities 


Sync pulses for triggering any blocking oscillator must be 
positive at the oscillator grid, as indicated in Fig. 21-2. Positive 
pulses make the tube conductive and allow discharge of capacitor 
Cs, whose charges and discharges form a sawtooth voltage. 


Yoke Coils 
hee 
Trans. 
from tae output 
cndaical Trans\C 
Osc Output Tube 
i 
| Co 
Cc 
Hold “= = Rs 


Control *> 


Height Linearity 
Control ; Control 
oa 


Fig. 21-5 Connections for a blocking oscillator with plate feedback, furnish- 
ing sawtooth voltage to an output section or tube. 


With a cathode coupled multivibrator, at A of Fig. 21-3, the 
sawtooth forming capacitor Cs is in the plate circuit of the second 
section. Sync pulses applied to the grid of the first section are 
negative. Due to polarity inversion in the first section the pulses 
become positive at its plate and at the grid of the second section, 
thus allowing discharge of the sawtooth capacitor. Were pulses 
applied directly to the grid of the second section they would be 
positive. 
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With plate coupled multivibrators whose second section acts as 
the output tube, at B of Fig. 21-3, the sawtooth forming capacitor 
Cs is in the plate circuit of the first section. Syne pulses applied to 
the grid of this first section are positive to cause conduction and 
allow discharge of the capacitor. When sync pulses are applied to 
the plate circuit of the first section and thereby to the grid of the 
second section the pulses are negative. 


Blocking Oscillator With Plate Feedback 


Fig. 21-5 shows typical circuit connections for a blocking oscil- 
lator with feedback from plate to grid. Sync input from the inte- 
grating filter is to the oscillator grid through the feedback 


Fig. 21-6 A, sync pulses applied to the blocking oscillator grid. B, pulses at 
the grid while the oscillator is operating. 


transformer. The hold control varies discharge time for the saw- 
tooth capacitor and determines free running frequency of the 
oscillator. The hold control resistors may be on either side of the 
transformer secondary. 

The sawtooth capacitor is charged by electron flow through the 
height control resistance during periods when the oscillator is 
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blocking or is at plate current cutoff. More resistance in the 
height control decreases the charge put into the capacitor during 
time in which the tube is blocked, thus decreasing amplitude of 
sawtooth voltage and lessening vertical sweep distance of the 
beam in the picture tube. Less resistance in the height control 
has, of course, the opposite effects. 

In Fig. 21-5 a resistor Rs is in series with sawtooth capacitor Cs. 
This series resistance slows capacitor discharge so that some 
charge remains at the beginning of each recharge. Recharge then 


Fig. 21-7 Voltage at the blocking oscillator plate (A) and at the grid of the 
output tube (B). 


commences at a voltage higher than maximum negative and there 
is negative peaking on the retrace for each cycle. There are many 
other sawtooth forming circuits, with or without negative peaking 
resistors. | 

Sawtooth voltage is applied through capacitor Cc to the grid of 
the output tube. Often there is a direct conductive connection 
instead of a coupling capacitor, making the output grid 75 to 150 
volts positive to ground. Cathode bias on the output tube then 
must be sufficiently positive to make the grid relatively nega- 
tive. 
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Vertical linearity control is by means of an adjustable cathode 
resistor. An autotransformer couples the output plate circuit to 
the vertical coils in the yoke. Some receivers have a transformer 
with insulated secondary. 

To observe pulses applied to the oscillator grid without these 
pulses being obscured by voltage generated in the oscillator it 
is necessary to remove or disable the oscillator tube. Typical sync 
pulses observed in this manner are shown at A of Fig. 21-6. Peak- 
to-peak amplitude measured 3 volts in this example. 


Fig. 21-8 Voltage at the plate of the output tube (A) and at the vertical 
yoke coils (B). 


With the oscillator operating, pulses at its grid appeared as at 
B and measured 250 peak-to-peak volts. Peak-to-peak voltage 
range at this point is from 50 to 300 volts in various receivers. 
Note the small positive peaks, due to sync pulses, which are 
followed instantly by a negative swing and plate current cutoff. 
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Then, as the grid capacitor discharges through the hold control 
resistance, grid voltage returns slowly to a value allowing conduc- 
tion in the tube. 

Voltage at the oscillator plate appears as at A of Fig. 21-7 (130 
peak-to-peak volts) and at the grid of the output tube as at B (95 
peak-to-peak volts). Plate voltages commonly range from 50 to 
200 and output grid voltages from 30 to 150. Due to the feedback 
transformer the waveform at the output grid has lost the small 
positive peaks seen at the oscillator plate. 

At the plate of the output tube the voltage waveform is as 
shown at A of Fig. 21-8, here with 1,000 volts peak-to-peak. This is 
quite typical of voltage waveforms at plates of all vertical output 
tubes regardless of the type of oscillator. Peak-to-peak voltage 
commonly is between 800 and 1,200 but may be as high as 2,000 
in some sets. 
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Fig. 21-9 Blocking oscillator with feedback from cathode to grid. 


At the high side of the vertical coils of the yoke, or at the out- 
put transformer secondary, the voltage waveform is as at B of Fig. 
21-8, with 100 volts peak-to-peak in this example. It is evident 
that the output transformer has a step down voltage ratio of 
10-to-1 in this particular receiver. 

Slight fuzziness along the nearly horizontal portions of this 
trace from the yoke circuit is due to horizontal pulses from the 
horizontal coils coupling into the vertical coils of the yoke. This 
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effect is found in most traces taken from a vertical yoke connec- 
tion or an output transformer secondary. 


Blocking Oscillator With Cathode Feedback 


Fig. 21-9 shows typical connections for a vertical blocking 
oscillator with feedback through a transformer from cathode to 
grid. Cathodé feedback acts similarly to plate feedback because 
cathode current is the same as triode plate current except for 
very small pulses of grid current while the grid is made positive 
by sync pulses. 


Filter 


Linearity 7? 


Fig. 21-10 A cathode coupled vertical multivibrator feeding to beam or pen- 
tode output amplifiers. 


The hold control may be on either side of the grid winding in 
the feedback transformer. As usual, the height control varies 
the rate of charge for the sawtooth capacitor and thus varies the 
amplitude attained by sawtooth voltage between discharges. 

The sawtooth capacitor-resistor network is shown with broken 
lines on the oscillator side of coupling capacitor Cc, and with full 
lines as Cs1, Cs2, and Rs on the grid of the output tube. This or 
any other combination of sawtooth-forming capacitors and resis- 
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tors may be found on either side of a coupling capacitor in any 
oscillator system. 

With one exception the waveforms for a cathode feedback 
blocking oscillator system are similar to those for such an oscil- 
lator with plate feedback. The exception is that waveforms and 
peak-to-peak voltages with cathode feedback are practically alike 
at the plate of the oscillator and grid of the output tube. This is 
because only a capacitor separates the plate and grid, instead of 
one winding of a feedback transformer. 


Fig. 21-11 Pulses at the first plate of a cathode coupled multivibrator (A) 
and at the grid of the second section (B). 


Multivibrator With Cathode Coupling 


Typical circuits for a cathode coupled vertical multivibrator 
system are illustrated by Fig. 21-10. The multivibrator consists 
of two triodes, usually in a single tube, which form the oscillator. 
The oscillator is followed by an output tube or amplifier which 
may be a triode, pentode or beam tube. 

Height controls in Fig. 21-10 are on the grid inputs of the out- 
put tubes rather than in the oscillator plate circuits. The control 
potentiometers allow applying various fractions of oscillator saw- 
tooth voltage to the output tube. The height control may be on the 
amplifier or output tube side of coupling capacitor Cc, as in the 
upper diagram, or on the oscillator side as shown below. 


VERTICAL SWEEP 361 


Fig. 21-13 Sync pulses at the first grid of the cathode coupled multivibrator. 
A, with oscillator removed. B, with oscillator operating. 


Height controls on an amplifier grid are shown here with a 
cathode coupled multivibrator merely to illustrate circuit con- 
nections. Such height controls may be found with other oscilla- 
tors, and cathode coupled multivibrators may have other kinds of 
height controls. 

At the plate of the input section of the cathode coupled multi- 
vibrator, the left-hand section in the diagram, are pulses shown at 
A of Fig. 21-11. These positive pulses are applied through capaci- 
tor Cg to the grid of the second section, where appears the wave- 
form at B. This latter waveform shows the positive pulses as 
sharp peaks followed by a quick negative swing as capacitor Cg 
discharges through the tube. Then there is slow recovery of 
capacitor charge and grid voltage as Cg again charges from a B+ 
connection on the first plate. 

Discharge current from Cg passes through cathode resistor Rk 
to form voltage pulses which are positive at the cathodes, as in 
Fig. 21-12. These pulses have the same effect as negative pulses 
at the grid, and help the first section to reach plate current 
cutoff. 
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At A of Fig. 21-13 are negative pulses which come from the 
sync section to the grid of the first section of the multivibrator. 
These pulses were photographed with the oscillator tube removed. 
With oscillator operating, pulses at the first grid appear as at B. 

At the plate of the second section of the multivibrator and at 
the grid of the following amplifier is the sawtooth waveform of 
Fig. 21-14. The sharp negative drops result from discharge of 
sawtooth capacitors through the second section of the multivi- 


Fig. 21-15 Voltage waveforms at the plate of the output amplifier (A) and 
at the high side of the vertical yoke coils (B) following a cathode coupled 
multivibrator. 
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Fig. 21-16 Typical connections for a plate coupled vertical multivibrator. 
One section serves as output tube. 


brator. The relatively slow rises represent recharging of the saw- 
tooth capacitors through a B+ connection in the upper diagram 
of Fig. 21-10 or through the height control of the lower diagram. 

At the plate of the output amplifier there is a waveform shown 
at A of Fig. 21-15. This is essentially like the output waveform 
at A of Fig. 21-8. At the vertical output transformer and high side 
of vertical coils in the yoke is the voltage waveform at B of Fig. 
21-15. Note the effect of coupling from horizontal to vertical yoke 
coils. If the internal sweep of the scope is changed to a horizontal 
rate this fuzziness resolves into separated pulses of rather ir- 
regular form. 

Peak-to-peak voltages measured on the cathode coupled multi- 
vibrator used for an example are as follows for the several wave- 
forms. The very small sync voltage at the first grid is charac- 
teristic of this type of oscillator. | 


Multivibrator 1st plate odv Fig. 21-11-A 


Multivibrator 2nd grid d8v Fig. 21-11-B 
Multivibrator cathodes T.ov Fig. 21-12 
Multivibrator 1st grid 0.6v Fig. 21-13 
Multivibrator 2nd plate and amplifier grid 45v Fig. 21-14 
Amplifier plate 320v Fig. 21-15-A 
Yoke coils 31v Fig. 21-15-B 


Multivibrator With Plate Coupling 


The plate coupled multivibrator shown in an elementary way 
by B of Fig. 21-13 is illustrated in practical form by Fig. 21-16. The 
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feedback filter from output plate to oscillator or discharge grid, 
represented only by a broken-line block, consists actually of 
various combinations of resistors and capacitors. 

A few of the feedback networks which might be put in place 
of the block are shown by Fig. 21-17. In these feedback circuits 
the output sawtooth waveform with its strong spikes is changed to 
get rid of nearly all the sawtooth, and the spikes are weakened 
to provide a waveform suitable for application to the grid of the 
oscillator or discharge section. 

The vertical hold control may be on the oscillator grid as shown 
with broken lines in Fig. 21-16, or on the oscillator cathode as in 
full lines. 

The height control is in the oscillator plate circuit where it 
regulates the charging rate of the sawtooth capacitor or capacitors 
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Fig. 21-17 Some of the feedback filter combinations used between output 
plate and input grid of plate coupled multivibrators. 
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and thus determines peak-to-peak amplitude of the sawtooth 
voltage. 

The sawtooth capacitor system (Csl, Cs2, and Rs) may be on 
the oscillator side of coupling capacitor Cc, or on the output side 
as in broken lines. The sawtooth capacitor system may consist of 
any of a wide variety of capacitor-resistor combinations other 
than the two shown by the diagram. 

When sync pulses from the integrating filter are applied to the 
oscillator grid, as in Fig. 21-16, these pulses are positive in order 
to make the oscillator conductive for discharging the sawtooth 
capacitors. 

To observe the sync pulses unaffected by oscillator action it is 
necessary to disconnect the oscillator grid from the integrating 


Fig. 21-18 Waveforms at grid of input or discharge section of plate coupled 
multivibrator. A, with oscillator and integrating filter disconnected. B, with 
them connected. 


filter and connect the scope to the filter output. Then the sync 
pulses will appear as at A of Fig. 21-18 or as something equivalent 
like the waveform in A of Fig. 21-6. 

With the integrating filter still disconnected the waveform at 
the oscillator grid will be of the general form pictured in B of Fig. 
21-18. This waveform will remain the same with the filter re- 
connected, but oscillator frequency then will be synced instead of 
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at the free running rate. Pictures should lock in vertically when 
the integrating filter is connected and should roll or float verti- 
cally with it disconnected. 

At the oscillator plate the waveform would be a sawtooth such 
as at A of Fig. 21-19 or something very similar except that nega- 
tive peaking pulses are not always present or evident. This same 
waveform should appear at the grid of the output tube or section. 


Fig. 21-19 A, voltage at oscillator plate and output grid of a plate coupled 
multivibrator. B, at the plate of the output section. 


At the plate of the output section or tube is the waveform at B 
of Fig. 21-19. This is practically the same as output plate wave- 
forms at A of Fig. 21-8 and A of Fig. 21-15. At the high side of the 
vertical coils in the yoke or of the output transformer secondary 
appears the voltage waveform of Fig. 21-20. As usual, there is the 
fuzziness that indicates coupling from horizontal to vertical coils 
in the yoke. 
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Fig. 21-20 Voltage waveform at vertical yoke coils connected to a plate 
coupled multivibrator. 


Filter 
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Fig. 21-21 Some of the variations found in circuits for plate coupled multi- 
vibrators. 

Fig. 21-21 shows some of the modifications or variations in plate 
coupled vertical multivibrators. Syne input from the integrating 
filter here is to the oscillator plate and output grid. Sync pulses 
must be negative. The pulses are inverted in the output section, 
fed back in positive polarity to the oscillator grid, and there make 
the oscillator conductive for discharge of the sawtooth capacitors. 
Of course, the syne pulses become mixed with sawtooth wave- 
forms but the pulse effects remain. 

The vertical linearity control is on the grid of the output tube 
rather than on its cathode. The hold control, on the oscillator grid, 
may be in the same line as the linearity control or in a separate 
line. 

With sync input to the first plate or second grid the sync pulses 
may be observed alone by temporarily short circuiting the pri- 
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mary of the vertical output transformer and connecting the scope 
to the oscillator plate. This should leave negative sync pulses of 
small amplitude. With the short removed from the transformer 
there will be a sawtooth waveform with negative peaks. 


Multivibrator Discharge Sections 


Regardless of the type of multivibrator, both sections must 
operate together to produce oscillating current and voltage. 
Neither section alone will oscillate. In spite of this it is rather 
common practice to call one section the oscillator and the other 
an output tube or amplifier. 

One section of every multivibrator, usually a triode section, is 
made conductive by sync pulses in order that the sawtooth capaci- 
tor may discharge through this section, which properly may be 
called a discharge section or tube. 


Fig. 21-22 Voltage pulses at the cathode of the discharge section when 
there is resistance to ground (A) and at the cathode of the output section of 
a plate coupled multivibrator (B). 


Discharge current from the sawtooth capacitor passes through 
the plate-cathode path of the discharge section. In a cathode 
coupled multivibrator the discharge current is utilized in a 
cathode resistor to produce voltage pulses for coupling. 

In many plate coupled multivibrators the cathode of the dis- 
charge section connects directly to ground. If this ground con- 
nection is opened and a resistor of 5 to 10 ohms temporarily con- 
nected in series to ground, discharge current will cause pulses at 
the cathode such as in A of Fig. 21-22. 


\ 
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The second section cathode commonly has in series the linearity 
control, which is bypassed with large capacitance. The waveform 
at this cathode is typically of the form shown in B of Fig. 21-22. 
Here the peak-to-peak amplitude is only a fraction of a volt. 


Current Waveforms 


An oscilloscope is primarily designed to exhibit voltage wave- 
forms, not current waveforms. To observe a current waveform 
open the low side of the circuit carrying the current, connect in 
series a carbon resistor of very few ohms, then connect the scope 
vertical input across the ends of this resistor. Variations of cur- 
rent in the resistor are accompanied by corresponding variations 
of voltage across the resistor. 


Fig. 21-23 A trace showing sawtooth current in vertical deflecting coils. 


By using a direct probe and maximum vertical sensitivity in 
the scope the small voltage across the resistor may be observed, 
and will represent circuit current. To avoid upsetting normal 
performance of the circuit the inserted resistor should be of 
fewest ohms which will allow readable traces. One to 10 ohms 
should be enough in any case. 

Current observed in the low side of vertical deflecting coils 
should appear as in Fig. 21-23, with sawtooth slopes straight or 
nearly so. Cutting a series resistor into the high side of a yoke 
circuit may allow seeing spurious voltage peaks. 


Linearity Control 


The usual effect of adjusting a vertical linearity control is to 
either stretch or compress the upper portion of pictures. With 
some controls the bottom of pictures may be affected. 

When pictures are vertically linear or uniformly distributed 
from top to bottom of the viewing screen the voltage waveform 
at the high side of the vertical coils or output transformer will 
appear as in B of Fig. 21-8, B of Fig. 21-15, or 21-20, with the long 
sloping portion of the trace nearly straight. 


370 PIN-POINT COLOR-TV TROUBLES 


If linearity is such that tops of pictures are compressed, the 
voltage waveform at the vertical deflecting coils will be as at A of 
Fig. 21-24 and the current waveform will be as at B. 

The top of each vertical field is at the beginning or the left- 
hand side of the upward slope of the current waveform, while the 
bottom of the field in the picture tube is at the right-hand end 
of this slope, just before the sudden retrace. 

Where the current slope is too nearly horizontal at the left the 
beam in the picture tube is traveling downward too slowly. Too 
much of the picture appears during this slow travel, hence the 
compression. This occurs when there is too much resistance in a 
linearity control on the cathode of a vertical output tube. 


Fig. 21-24 Waveforms showing non-linearity with tops of pictures com- 
pressed. A, voltage. B, current. 


When linearity is such that tops of pictures are stretched, the 
voltage waveform at the vertical deflecting coils will be as at A of 
Fig. 21-25 and the current waveform will be as at B. Here the 
electron beam in the picture tube will travel too fast at the 
beginning of each field or at the tops of pictures. Too little of the 
picture will be distributed over the upper portion of the viewing 
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screen. This happens when a linearity control on an aa lal tube 
cathode has too little resistance. 


Oscilloscope Checks Of Vertical Sweep Section 


For a quick check of the vertical sweep section observe voltage 
waveforms at the following points. 


Fig. 21-25 Non-linear waveforms, which accompany pictures stretched at the 
top. A, voltage. B, current. 


AA AA 
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Fig. 21-26 All these waveforms have the same general characteristics and 
would be considered equivalent to one another during a preliminary check for 
trouble location. 
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1 (a) In the case of a plate coupled multivibrator or a blocking 
oscillator check at the first grid or the grid to which connects the 
integrating filter. The waveform should show short positive 
(sync) pulses followed by negative swings and rather slow re- 
covery. (See B of Fig. 21-6 and B of Fig. 21-18.) 

1 (b) With a cathode coupled multivibrator check at the grid 
of the second section, where the waveform should be as described 
in preceding paragraph 1 (a). (See B of Fig. 21-11.) 

2 (a) With a plate coupled multivibrator or a blocking oscillator 
make a check at the oscillator plate. This would be the plate of 
the first or discharge section of the multivibrator. The waveform 
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Table 21-1—cont'’d 
VERTICAL SWEEP 
Plate Coupled MV 


15 Grid resistor open 
16 Grid resistor too small 
17 Grid resistor too great 


Coupling Capacitor 
(Discharge to output) 
18 Open 


20 Shorted 


21 Series. Open 
27 Series. Open 


28 Series. Shorted 


should be a sawtooth, nearly always with greater or less negative 
peaking. (See A of Fig. 21-7 and A of Fig. 21-19.) 

2 (b) With a cathode coupled multivibrator check at the plate 
of the second section or output section. There should be a saw- 
tooth, usually with negative peaking. (See Fig. 21-14.) 

3 Check at the grid of the tube or tube section which is fed from 
the plate mentioned in preceding paragraphs 2. The waveform 
should be practically the same as at that preceding plate. 

4 At the plate of the tube feeding into the vertical output trans- 
former the waveform should be similar to those of A in Fig. 21-8, 
A in Fig. 21-15, or B in Fig. 21-19. | 
5 At the high side of vertical deflecting coils or of the output 
transformer secondary the voltage trace should be similar to 
those of B in Fig. 21-8, B in Fig. 21-15, or Fig. 21-20. Spikes may be 
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positive or negative; this depending on design or connection of 
yoke and transformer. 

When following through the vertical sweep section according to 
preceding numbered paragraphs, traces will be normal until a 
fault has been passed. Look for trouble between the point at 
which waveforms first become abnormal and the last point at 
which they are normal. 

Waveforms need not be precisely like those shown by photo- 
graphs of typical examples, but should be generally similar and 
free from noticeable peculiarities or unusual fuzziness other than 
at yoke coils. To illustrate, when checking various receivers 
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(Continued on next page) 
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Table 21-2—cont'’d 
VERTICAL SWEEP 


Cathode Coupled MV 
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Cathode Bypass Capacitor 
45 Leaky 
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47 Open 
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having plate coupled multivibrators, waveforms at the plate of 
the first or discharge section were about as shown in Fig. 21-26. 
It is apparent that all are fairly equivalent to traces in A of Fig. 


21-7 and A of Fig. 21-19. 


Troubles and Picture Symptoms 


Accompanying tables list picture symptoms which most often 
or most probably result from various faults in the vertical sweep 


section. 
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The same trouble often will cause different symptoms, depend- 
ing on severity of the trouble. For instance, picture symptoms due 
to a leaky capacitor might merge into symptoms due to the same 
capacitor being internally short circuited. The short is a case of 
extreme leakage. | 

Some symptoms are closely related to others. A certain trouble 
might cause pictures to roll upward or downward, but should the 
pictures hold stationary the same trouble might cause splitting, 
top and bottom, along a horizontal line or bar. 
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LINEARITY CONTROL 


(Entire resistance) 
79 Open 


81 Too little 


Bypass Capacitor 
82 Open 
83 Leaky, shorted 
84 Too small or open 


85 Internal open 
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Vertical hold controls in some receivers have greater range of 
resistance adjustment than in others, and may be set to prevent 
rolling even when some faults are present in moderate degree. 
With less range of adjustment the same faults would cause un- 
controllable rolling. 

In one of the tables is a top listing of Lines (Horiz.), Many. This 
refers to a viewing screen covered with thin, bright trace lines 
which shift irregularly. The condition results from extreme verti- 
cal stretching which separates horizontal trace lines by wide dark 
areas. 
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Vertical Sweep and Dynamic Convergence 


In a color receiver, the vertical sweep circuit drives the ver- 
tical dynamic convergence system. Hence, faults in the vertical 
sweep throw vertical convergence out. We have already seen 
that the vertical height and vertical linearity controls must be 
correctly adjusted before making the vertical dynamic conver- 
gence adjustments. 

Hence, when trouble is present in the vertical sweep circuit, 
we expect trouble symptoms in convergence also. We do not 
concern ourselves with convergence symptoms of trouble until 
after the vertical sweep circuit is operating properly. 
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The convergence circuits obtain a sawtooth waveform from 
the vertical sweep circuit. The sawtooth waveform is used to 
drive the vertical tilt circuits. Also, the sawtooth waveform is 
passed through RC circuits which convert the sawtooth to a 
parabola waveform. This parabola waveform is used to drive 
the vertical amplitude circuits. Hence, faults in the vertical 
sweep circuit affect both the vertical-tilt and vertical-amplitude 
convergence adjustments. 

The reverse is seldom true—that is, faults in the vertical 
dynamic convergence circuits seldom affect operation of the 
vertical sweep circuit. In some receivers, a short-circuit in the 
vertical convergence circuits has some small effect on the verti- 
cal sweep. Less serious faults in the convergence system have 
practically no effect on the vertical sweep circuits. 

Hence, these facts should be kept in mind when trouble symp- 
toms are observed in both the vertical convergence and vertical 
sweep operation. 


Section 22 


HORIZONTAL SWEEP 


THE horizontal sweep section is basically the same in both black- 
and-white and color receivers. It consists of the functions noted 
in Fig. 22-1. You will find that there is considerable interaction 
between the horizontal sweep section and the horizontal dynamic 
convergence section in a color receiver. This interaction has been 
noted in Section 14. It is for this reason that all usual adjustments 
in the horizontal sweep section, such as drive, hold, and locking 
adjustments, should be made before setting the dynamic con- 
vergence controls. 

The hold control affects color sync in a color receiver. A more 
detailed discussion of this action will be found in Section 15. 
Briefly, it may be pointed out that the setting of the hold control 
affects the timing of the gate pulse considerably. When the gate 
pulse is off time, the color burst is partially rejected, or some- 
times completely rejected. Color sync is affected as a result. 
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Fig. 22-1 The horizontal sweep section extends from the sync output to the 
horizontal output transformer. 
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The color stripe is a color burst which arrives late. It is actually 
located within the edge of the picture. The stripe is normally out 
of color sync. However, you will find in many color receivers 
that you can lock the stripe by adjusting the horizontal-hold 
control. This adjustment causes the burst gate pulse to arrive 
late, so that the stripe is admitted to the color-sync circuits. 

Most black-and-white and color receivers use only one sweep- 
amplifier tube. However, you will occasionally service a color 
chassis with two sweep amplifiers. Details of this arrangement 
will be found in Section 28. 
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Fig. 22-2 Horizontal sweep section including a twin diode phase detector, 
multivibrator oscillator, and sweep amplifier. 


The horizontal sweep section is considered as consisting of cir- 
cuits and components named within the blocks of Fig. 22-1. 

Pulses at horizontal line frequency come from the sync section 
to the automatic frequency control (afc) circuits. To the afc cir- 
cuit comes also a waveform, usually a sawtooth, from some point 
in or beyond the output of the horizontal sweep oscillator. This 
waveform is at the actual operating frequency of the oscillator. 
The synchronizing pulses and the oscillator output waveform 
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combine in the afc circuits to produce a d-c “correction” voltage 
that varies when the oscillator frequency tends to become higher 
or lower than sync pulse frequency. 

This d-c correction voltage from the afc system is applied to 
the grid of the sweep oscillator or an associated tube. The result- 
ing change of grid voltage causes oscillator frequency to become 


Fig. 22-3 Synchronizing pulses at the elements of the splitter. 


lower or higher, as may be required to bring this frequency into 
time with sync pulses. 

Connected usually to the sweep oscillator but sometimes to the 
afc circuits is an adjustable horizontal-hold control which varies 
the free running frequency of the oscillator to bring it within the 
range that may be synchronized by the afc system. There may 
be additional frequency adjustments for varying the resonant 
frequency of tuned circuits in the oscillator system. 
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The output waveform of the sweep oscillator, essentially a 
sawtooth, goes to the control grid of the horizontal sweep am- 
plifier. There may or may not be a drive control for varying the 
amplitude of sawtooth voltage applied to the amplifier grid. 

The plate of the horizontal sweep amplifier feeds to a hori- 
zontal output transformer. This transformer furnishes voltage 
for inducing sawtooth current in the deflection system which in- 
cludes the yoke, also voltage to the high-voltage power section 
that handles second anode or ultor requirements of the picture 
tube. 


Circuit Classification 


In receivers of recent design there are a number of widely 
used combinations of afc systems and sweep oscillators which 
are found between the output of the sync section and the input 
to the horizontal sweep amplifier. Following are the more com- 
mon types. 


AFC System Sweep Oscillator 

1 Phase detector diodes Cathode coupled multivibrator 
with splitter tube. 

2 Phase detector triode Cathode coupled multivibrator 
with splitter tube. 

3 Phase detector diodes Cathode coupled multivibrator 
without splitter. 

4 Phase detector triode Cathode coupled multivibrator 
without splitter. 

5 Pulse width triode Blocking type 
(Synchroguide) 

6 Phase detector and Hartley type with separate 
reactance tube. discharge tube. 


Phase Detector Diodes With Splitter 


Fig. 22-2 is a circuit diagram for a horizontal sweep system 
including a triode phase splitter, a twin diode phase detector and 
a cathode coupled multivibrator. Among variations or modifica- 
tions which do not materially alter the processes of trouble loca- 
tion are the following. 

1. The arrangement of resistors between splitter plate and B+, 
also of resistors between splitter cathode and ground may vary 
in their relation to takeoff points for the phase detector. 

2 <A phase detector commonly is a twin diode tube, but in some 
sets one or both sections of the phase detector are diode-connected 
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triodes and in other cases the phase detector consists of two 
separate selenium rectifiers or else a dual selenium rectifier. 

3 Resistors and capacitors in the noise filter between phase 
detector and multivibrator may be variously arranged. 

4 The multivibrator cathode resistor may be partially bypassed 
with a capacitor to ground. . 

5 The horizontal-hold control may be an adjustable resistor 
from second grid to ground on the multivibrator, as shown by 
the diagram, or this function may be served only by adjustment 
of the locking control in the plate circuit of the first section of 
the multivibrator. 


Fig. 22-4 Pulses at the sync input elements of the twin diode phase detector. 
A, at the plate, B, at the cathode. 


6 The sawtooth system shown as resistor Rs and capacitor Cs 
may consist of other combinations, often with a capacitor and 
resistor or resistors in parallel. 

7 An adjustable drive control may be between the multivibrator 
or sawtooth output and the grid of the sweep amplifier. 

8 The feedback waveform applied to the joined plate and cath- 
ode of the phase detector may be taken from any of various points 
beyond the oscillator and output amplifier. The connection at Y 
on Fig. 22-2 would be to some point closely associated with the 
high side of horizontal coils in the yoke, possibly at a tap on the 
horizontal output transformer or at a damper circuit connection. 
At T is represented a small separately insulated winding on the 
output transformer. 
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9 Generally similar performance is had in some sets without 
a splitter tube. A pulse for one side of the phase detector is taken 
from the cathode or plate of the last sync tube. An inverted 
pulse for the other side of the phase detector is provided from the 
secondary of a small transformer connected to the same element 
of the last sync tube. 


Phase Detector Action 


At the splitter grid of Fig. 22-2 are negative synchronizing 
pulses shown at A of Fig. 22-3. Inversion in the splitter causes 


Fig. 22-5 A, the sawtooth at joined plate and cathode of the phase detector. 
B and C, positive pulses from which the sawtooth is derived. 
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positive pulses, as at B, to appear at its plate. Since there is no 
inversion between grid and cathode there are negative pulses, as 
at C, appearing at the splitter cathode. 

There is no gain in a splitter, rather there is some loss. Grid 
pulses in Fig. 22-3 were almost 7 volts peak-to-peak, while pulses 
at both the plate and the cathode were about 5 volts peak-to-peak. 

Positive pulses from the splitter plate go through capacitor Ca 
to a diode plate of the phase detector, where appears the wave- 
form at A of Fig. 22-4. Negative pulses go through capacitor Cb 
to a diode cathode, where appears the waveform at B. 

At the joined cathode and plate of the phase detector diodes 
appears the sawtooth waveform shown at A of Fig. 22-5. This 
sawtooth is derived from relatively sharp and brief positive 
pulses. Such pulses from a damper and horizontal yoke circuit, 
at about 1,500 volts peak-to-peak, are shown at B. At C are 
pulses from a small insulated winding on a horizontal output 
transformer, at about 100 volts peak-to-peak. 

These positive feedback pulses produce sawtooth waveforms 
by charging of capacitors which discharge rather slowly through 
resistors on the feedback line. Note that there must be a con- 
ductive or d-c connection from the joined cathode-plate of the 
phase detector to ground or B-minus in order that rectified direct 
current may flow in the diodes. 

The sawtooth feedback is at actual oscillator frequency, while 
pulses from the splitter are at syne frequency. Traces A and B 
of Fig. 22-4 show that sync pulses ride on the sawtooth. When 
oscillator frequency varies there is a time shift of the sawtooth 
with respect to sync pulses. Then sync pulse peaks at the sepa- 
rated plate and cathode of the phase detector rise or fall on the 
sawtooth, thus altering relative conductions in the two diodes. 

The difference between d-c voltages caused by different con- 
duction currents in resistors Ra and Rb of Fig. 22-2 appears across 
resistor Rc, and from the top of Re the difference voltage is 
applied to the first grid of the multivibrator. 


Multivibrator Action 


When multivibrator frequency tends to increase, the feedback 
sawtooth shifts and causes the net or difference d-c voltage from 
the phase detector to change in value and to become either more 
positive or less negative. This change, at the multivibrator grid, 
lowers the oscillation frequency. Should oscillation frequency 
tend to decrease, the phase detector output becomes less positive 
or more negative, and raises the oscillation frequency. 
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D-c correction voltage at the multivibrator grid may be ob- 
served as it undergoes changes of strength by connecting a 
VTVM, on a low d-c range, from grid to ground. The correction 
voltage may be made to vary by manipulating the horizontal- 
hold control. This is a common means for determining whether 
the afc system is operative. 


Fig. 22-6 A, pulses at the multivibrator cathodes. B, approximate sine wave 
at the high side of the locking control. C, waveform at the first plate of the 
multivibrator. 


From multivibrator cathodes to ground, across resistor Rk, are 
voltage pulses such as at A in Fig. 22-6. These pulses are pro- 
duced by discharge of sawtooth capacitor Cs through the second 
section of the multivibrator and the cathode resistor. Since the 
cathode resistor is part of the plate-cathode circuit of the first 
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section of the multivibrator, corresponding pulses of plate cur- 
rent and voltage appear in this first section. 
Multivibrator Locking Control 


Plate current and voltage in the first section of the multi- 
vibrator are forced to follow what is essentially a sine wave- 


Fig. 22-7 Sawtooth waves at the discharge or output plate of the multi- 
vibrator. 
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form by action of the tuned circuit marked Locking Control 
in Fig. 22-2. Other names for this adjustable resonant circuit 
are stabilizing control, horizontal frequency control, ringing coil, 
and others. 

By means of an adjustable core the coil-capacitor combination 
is made resonant at or close to the horizontal line frequency, 
which is 15,750 cycles per second for black-and-white television 
and of practically this value for color. Voltage at the end of the 
coil-capacitor combination toward the multivibrator has the form 


shown at B of Fig. 22-6. 
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Fig. 22-8 A triode phase detector fed from a splitter and controlling a 
multivibrator. 

Pulses of plate voltage due to the cathode feedback at A of 
Fig. 22-6 combine with the sine wave produced by the lock- 
ing control to make the plate voltage waveform as at C. This 
waveform goes through capacitor Cg of Fig. 22-2 to the grid of 
the second section of the multivibrator. 


Multivibrator Output 


The second grid of the multivibrator is negatively biased by 
grid-leak action of capacitor Cg and resistor Rg. The strong 
positive pulses at C of Fig. 22-6 overcome this bias, make this 
section of the tube conductive, and allow discharge of sawtooth 
capacitor Cs through the second section and the cathode resistor. 
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Discharge and charge of the sawtooth capacitor produce at the 
plate of the second multivibrator section the waveform at A of 
Fig. 22-7. The negative peaking resistor Rs in series with capacitor 
Cs causes a negative peak on the discharge side of the sawtooth, 
as at B. This is the waveform at the second plate of the multi- 
vibrator. The waveform may have other shapes, as at C, without — 
altering the basic operation of the sweep section or the processes 
of troubleshooting. 

The voltage waveform produced at the second plate of the 
multivibrator goes to the grid of the horizontal sweep amplifier 
or output amplifier. It provides the “drive” voltage for that grid. 
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Fig. 22-9 A twin diode or duo diode phase detector with cathodes tied 
together. 


Phase Detector Triode With Splitter 


Fig. 22-8 shows typical connections for a triode phase detector 
used in a circuit which otherwise is similar to that of Fig. 22-2, 
where the phase detector is a twin diode. 

The plate of the triode phase detector acts similarly to the 
joined cathode-plate of the twin diode. To the triode plate is ap- 
plied a sawtooth waveform derived from positive pulses beyond 
the output of the oscillator, usually from horizontal yoke coils 
or from a tap on the horizontal output transformer or from the 
damper circuit. This sawtooth is similar to that at A in Fig. 22-5. 

The triode grid is connected through capacitor Ca to the splitter 
plate, and acts in much the same way as the twin-diode plate that 
is similarly connected. The waveform at the triode grid is much 
like that at A in Fig. 22-4 for a diode plate. 
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The triode cathode is connected through capacitor Cb to the 
splitter cathode, and is comparable in action to the twin-diode 
cathode that is similarly connected. The waveform at the triode 
cathode is similar to that at B in Fig. 22-4 for a diode cathode. 

In addition to the sawtooth voltage applied to the plate of the 
triode phase detector, sawtooths may be applied to the triode 
grid and cathode by connections shown in broken lines. There 
may be a capacitor from triode plate to grid or a resistor from 
plate to cathode. In quite a few receivers there is applied to the 
triode grid a sawtooth taken from the low side of the sawtooth 
capacitor and resistor combination, Cs and Rs. 

A multivibrator circuit which follows the triode phase detector 
is no different from the multivibrator circuit previously described 
in connection with Fig. 22-2. 


Phase Detector Diodes Without Splitter 


The phase detector of Fig. 22-9 consists of two diodes with 


their cathodes tied together or of a duo diode section formed by 
two plates and a cathode for only these plates. When using a 
B+ 
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Fig. 22-10 Triode phase detectors whose d-c correction voltage is taken 
from resistors between grid and cathode. 


duo diode triode tube the triode section often is employed as a 
sync separator or inverter. A dual selenium rectifier also is suit- 
able and frequently used for this style of phase detector. 

To the cathodes are applied negative pulses from a separator 
or inverter in the sync section. Note that synchronizing pulses 
are of only one polarity rather than of two opposite polarities as 
in systems employing a phase splitter. The voltage waveform at 
the cathodes should be of approximately the shape shown on the 
diagram. 
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The sawtooth feedback may be derived from various sources, 
three of which are shown in Fig. 22-9. At a the feedback is from 
the output plate of the multivibrator, at b it is from a point below 
the sawtooth capacitor and peaking resistor, and at c from a small 
insulated winding on the horizontal output transformer. The 
waveform should be of the general shape shown on the diagram. 

The multivibrator oscillator is like cathode-coupled multivibra- 
tors employed with other kinds of phase detectors. Various ar- 
rangements of noise filter capacitors and resistors are used. 


Phase Detector Triode Without Splitter 


In Fig. 22-10 are shown two methods of using a triode phase 
detector without a splitter and with only negative pulses from 
the sync section being applied to the phase detector input. These 


Fig. 22-11 A, pulses from a sync separator feeding to a triode phase detec- 
tor, and, B, pulses at the cathode of the phase detector. 


diagrams include only the phase detector triode at the left and 
the first or input section of a multivibrator sweep oscillator at 
the right. The remainder of the multivibrator circuits will be 
similar to those shown earlier. 

D-c correction voltage for the multivibrator is taken from be- 
tween resistors Ra and Rb, which may or may not be of equal 
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values. Correction voltage goes through a noise filter to the 
multivibrator grid. Various styles of noise filters may be used. 

In diagram A of Fig. 22-10 the sawtooth to the plate of the 
triode phase detector, which is the afc tube, is from a small 
auxiliary winding on the horizontal output transformer. In dia- 
gram B the sawtooth is derived from pulses at the high side of 
the horizontal yoke coils or from a tap on the horizontal output 
transformer or from the damper circuit. 

In diagram B the phase detector plate is connected through 
a potentiometer to B+, for making the plate more or less posi- 
tive within a range of about 5 to 6 volts measured to ground. 
The adjustable potentiometer often is the horizontal-hold control. 
In some sets this B+ connection is a fixed resistor of several 
megohms. 


Fig. 22-12 (A) typical sawtooth at the plate of a triode phase detector. (B) 
pulses at the grid of a phase detector in (A) of Fig. 22-10. 


For a receiver having the connections at A of Fig. 22-10 the 
waveform at the plate of a preceding sync separator connected 
to capacitor Cs appeared as at A of Fig. 22-11 (25 volts peak- 
to-peak) and at the cathode of the phase detector the waveform 
was as at B (17 volts peak-to-peak). This cathode waveform show- 
ing negative peaks on a sawtooth is characteristic of nearly all 
triode phase detectors used without a splitter, and will be present 
if the sync and afc systems are operating properly. Peak-to-peak 
voltages vary with the receiver. 
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At the plate of the triode phase detector the typical sawtooth 
feedback is as at A of Fig. 22-12 (10 volts peak-to-peak). This 
waveform is characteristic of all similar triode phase detectors 
and should be present. Voltage varies with the receiver. At B 
is the waveform observed at the phase detector grid (13 volts 
peak-to-peak). 

For the phase detector connections at B of Fig. 22-10 the wave- 
forms are shown by Fig. 22-13. At A is the trace observed at the 


Fig. 22-13 Waveforms at the elements of the phase detector in (B) of Fig. 
22-10. (A) cathode. (B) plate. (C) grid. 
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cathode (14 volts peak-to-peak), at B is the trace at the plate 
(12 volts peak-to-peak), and at C is the trace from the phase 
detector grid (only 1.3 volts peak-to-peak). This low grid voltage 
is because, in the particular system at B of Fig. 22-10, resistor Rb 
is of several hundred times the value of the resistor at Ra. 

Note the similarity of waveforms at the same triode elements 
for the two kinds of connections in Fig. 22-10. In all systems 
using a triode phase detector without a splitter there should be 
a sawtooth at the detector plate, and at both the cathode and 
the grid should be negative peaks with or without a sawtooth. 
In some modifications, to be shown, there will be no observable 
waveform at the phase detector grid because the d-c correction 
voltage is taken from this element. 


sync 


Fig. 22-14 Triode phase detectors whose d-c correction voltages are taken 
from the grid (A) and from the plate (B). 


A few modifications of the triode phase detector system of 
control are illustrated in Fig. 22-14. In diagram A the feedback 
sawtooth for the phase detector plate comes from a winding on 
the horizontal output transformer. In other cases this sawtooth 
may be derived from the horizontal yoke or the output trans- 
former. There may or may not be a resistor between plate and 
cathode of the phase detector. D-c correction voltage for the 
multivibrator is taken from the phase detector grid. Resistor Rb 
sometimes is adjustable. 

At the phase detector cathode at A of Fig. 22-14 should be 
a sawtooth waveform with negative peaks similar to those at B 
of Fig. 22-11 and at A of Fig. 22-13. At the plate should be a saw- 
tooth similar to those at A of Fig. 22-12 and at B of Fig. 22-13. No 
trace can be observed at the grid, which furnishes d-c correction 
voltage. 
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In diagram B of Fig. 22-14 the feedback sawtooth for the phase 
detector plate is derived from the second or output plate of the 
multivibrator oscillator. D-c correction voltage for the first grid 
of the multivibrator comes from the phase detector plate. The 
feedback sawtooth is kept from the noise filter and multivibrator 
input grid by an additional resistor Rd of about one megohm. 
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Fig. 22-15 Typical circuit connections for a pulse width automatic frequency 
control. 


At the phase detector cathode at B of Fig. 22-14 should be the 
usual sawtooth with negative peaks. At the plate should be a 
sawtooth without peaks. At the grid may be observed a relatively 
weak series of negative pulses somewhat like those at B of 
Fig. 22-12. 


Pulse Width Triode and Blocking Oscillator 


Fig. 22-15 shows connections for a commonly used form of 
variable pulse width (Synchroguide) automatic frequency con- 
trol with which is used a blocking oscillator with transformer 
feedback from plate to grid. 
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To the grid of the afc triode are applied positive pulses through 
capacitor Ci from the sync section. To this grid is applied also, 
through capacitor Cf, a sawtooth wave taken from the oscillator 
output at point D. 

Typical synchronizing pulses are shown at A of Fig. 22-16 and 
a feedback sawtooth at B. The synchronizing pulses were photo- 
graphed with the sawtooth disconnected. The sawtooth wave 
was photographed with the sync input disconnected. 

Adjustable capacitor CL, when used, is called a locking con- 
trol. Its chief purpose is compensation for slight differences be- 
tween original and replacement tubes, without having to readjust 
other controls. 

Combined input at the afc grid appears as at A of Fig. 22-17, 
with the syne pulses riding on the sawtooth peaks. This trace 
and the two of Fig. 22-16 were made without changing the 
vertical gain of the scope. 

The afc grid is negatively biased through resistor Rc, from 
negative voltage at the oscillator grid, to a degree that prevents 
conduction in the afc triode except during the positive syne peaks 
that ride the sawtooth. At B of Fig. 22-17 is shown the afc grid 
waveform from another receiver, illustrating that sync peaks 


on a sawtooth are characteristic of this type of frequency control. 


Fig. 22-16 Input waveforms for the grid of a variable pulse width triode afc 
tube. A, from the sync section. B, from the oscillator output. 
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Fig. 22-17 Waveforms at the grid of pulse width triode afc tubes in two re- 
ceivers. 


When oscillator frequency tends to vary, the sawtooth peaks 
shift in their time relation to syne pulses. Then more or less of 
the wide sync pulses drop into the sawtooth valley with only 
the remainder staying on top of the sawtooth peak to cause 
conduction in the afc diode. There is conduction during smaller 
or greater portions of the sync pulse periods, depending on the 
shift of oscillator frequency. 

Conduction during sync pulses causes pulses of cathode current 
in the afc triode as shown at A of Fig. 22-18. These current pulses 
charge capacitors Ca and Cb, which discharge through resistors 
Ra, Rb and Rh. The voltage waveform at the afc cathode, B of 
Fig. 22-18, represents charge and partial discharge of the capac- 
itors. 

Average voltage on capacitors Ca and Cb increases with 
greater conduction in the afc triode, decreases with less conduc- 
tion. Capacitor voltage applied to the oscillator grid circuit 
through resistor Rb opposes negative grid voltage on the oscil- 
lator. 

Making the oscillator grid less negative lowers the oscillation 
frequency. Allowing the oscillator grid to remain more negative 
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raises the frequency. Thus the changes of conduction in the afc 
triode, due to shift of oscillator frequency and the feedback saw- 
tooth, act on the oscillator grid to correct the frequency shift. 

Plate voltage on the afc triode of Fig. 22-15 is adjustable by 
means of the hold control. Making the plate more positive in- 
creases the amplitude of conduction current pulses, as from A 
to B of Fig. 22-19. This increases the charge on capacitors Ca 
and Cb to more strongly oppose, and reduce, negative voltage at 
the oscillator grid. 


Fig. 22-18 (A) the current waveform at the cathode of the variable pulse 
width triode. B, voltage waveform at the cathode. 


At the oscillator plate and terminal A of the feedback trans- 
former is the waveform at A of Fig. 22-20. The trace at B is 
taken from transformer terminal B, and the trace at C from the 
oscillator grid. These three traces are typical of blocking oscilla- 
tors during normal operation. 

Inductance of transformer windings connected between oscil- 
lator plate and grid is adjustable by a movable core. Usually 
this is called the horizontal frequency adjustment. Most often 
the adjuster is reached from the top of the transformer can or 
from the end opposite the one carrying terminal lugs. 

In Fig. 22-15 is shown a stabilizer adjustment or control unit 
between tap C of the oscillator plate-grid transformer and the 
lead to the grid of the sweep amplifier. This unit may otherwise 
be called a waveform control, locking control, or phase ad- 
justment. 
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The stabilizer coil and capacitor may or may not be in the 
same can with the feedback transformer. When mounted together 
the stabilizer adjuster usually is on the same end of the can as 
the terminal lugs. 

By adjustment of its movable core the stabilizer coil and par- 
alleled capacitor are made resonant at or close to the horizontal 
line frequency. Then the stabilizer produces a sine-wave voltage 
which adds itself to oscillator plate and grid voltages, as may be 
seen in Fig. 22-21. 


Fig. 22-19 Increasing plate voltage on the pulse width triode increases the 
amplitude of cathode current pulses. 


The sine-wave effect is seen most clearly with the scope con- 
nected to terminal C between the feedback transformer and 
stabilizer coil. When the stabilizer is properly adjusted the sharp 
peaks will be level with or only slightly higher than the rounded 
tops, as at A of Fig. 22-21. This is the adjustment giving best sync 
stability. 

If the waveform at terminal C appears as at B of Fig. 22-21 
the core of the stabilizer coil should be turned farther out of the 
winding, or counterclockwise, to make a correction. If the wave- 
form appears as at C the core should be turned farther in or 
clockwise. 
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Fig. 22-20 Waveforms in the blocking oscillator circuit. A, at the plate. 
B, transformer terminal B. C, the oscillator grid. 
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Fig. 22-21 Effects of stabilizer adjustment on the waveform at terminal C 
of the blocking oscillator transformer. A, correct adjustment. B and C, in- 
correct. 
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Waveforms observed at terminal D of the stabilizer unit or at 
the grid of the following sweep amplifier in two receivers are 
shown by Fig. 22-22. Always there must be a sawtooth at this 
point, and nearly always there will be more or less negative 
peaking. It is the sawtooth wave from terminal D that is sent 
back to the grid of the afc triode. 


Fig. 22-22 Sawtooth at the plate of the horizontal oscillator, as fed to the 
grid of the sweep amplifier. 

In Fig. 22-23 are illustrated some of the variations found in 
pulse width afc systems with blocking oscillators. These differ- 
ences do not materially alter the characteristic waveforms which 
have been shown. Principal changes are that the plate of the 
afc triode here connects directly to a B+ line, with the frequency 
control or oscillator transformer core being used as the hold 
control. The stabilizer coil and capacitor may be a separate unit. 


Phase Detector, Reactance Tube, Hartley Oscillator 


Fig. 22-24 shows one method of employing a reactance tube 
for automatic frequency control. Not shown by the diagram is 
a phase detector, either a triode or twin-diode type, which fur- 
nishes a d-c correction voltage to the grid of the reactance tube. 
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This is exactly the same kind of correction voltage furnished to 
the first grid of a multivibrator oscillator. 

The reactance tube, through its plate and cathode connections, 
is in parallel with or is connected across the tuned inductor L 
for a Hartley type oscillator. 

—-~— Positive voltage pulses obtained from the oscillator circuit are 
applied to the grid of a discharge tube. In the plate circuit of 
the discharge tube is a sawtooth capacitor and negative peaking 
resistor furnishing a sawtooth waveform to the grid circuit of 
the following sweep amplifier. 
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Fig. 22-23 Modifications in variable pulse width frequency controls with 
blocking oscillators. 


The reactance tube acts like a variable capacitor in parallel 
with the oscillator tuned circuit or “tank” circuit. The greater 
the amplitude of alternating voltage produced by the reactance 
tube the greater is its capacitive effect. Amplitude is increased 
when the grid of the reactance tube is made less negative, as 
would be the case were this tube acting as an ordinary amplifier. 
The reactance grid is negatively biased by resistor Rk in the 
cathode lead. 
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When oscillator frequency tends to increase, the phase detector 
puts out a positive correction voltage. This voltage makes the 
reactance grid less negative, increases the amplitude of alter- 
nating reactance voltage, increases effective capacitance across 
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Fig. 22-24 A reactance tube controls the frequency of a Hartley oscillator. 
The sawtooth is generated by a separate discharge triode. 


Fig. 22-25 Wavetorms at the reactance tube. A, cathode, B, plate. 
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the oscillator tank, and thereby lowers the oscillation frequency. 

When oscillator frequency tends to decrease there are opposite 
actions throughout the system, with lessening of reactive capaci- 
tance effect and resulting increase of oscillation frequency. 

With the circuit of Fig. 22-24 the voltage waveform at the 
reactance tube cathode is as at A of Fig. 22-25 and at the re- 
‘ actance plate is as at B. Peak-to-peak voltage at the cathode 
usually is on the order of one volt, and at the plate may be 150 
to 250 volts. This high peak voltage at the plate is due only 
partially to amplification in the reactance tube, part of it comes 
from the oscillator grid circuit to the reactance plate through 
capacitor Ca. 

Fig. 22-26 shows voltage waveforms at the Hartley oscillator. 
At A is the cathode waveform, 100 to 150 peak-to-peak volts. At 


Fig. 22-26 Waveforms at the Hartley oscillator. A, cathode. B, grid. C, plate. 
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B is the oscillator grid waveform, around 200 peak-to-peak volts. 
At C is the waveform at the oscillator plate where there are 
only about 10 peak-to-peak volts for this particular form of 
Hartley oscillator circuit. 

At A of Fig. 22-27 is shown the voltage waveform at the dis- 
charge tube grid, usually 80 to 100 peak-to-peak volts. At B is 
the waveform at the discharge tube plate and at the grid of the 
following sweep amplifier, close to 100 peak-to-peak volts at 
the plate. 

A Hartley oscillator not influenced by voltages in associated 
circuits produces a sine-wave output voltage. In the system illus- 
trated by Fig. 22-24 the oscillator waveform is modified by the 
closely coupled discharge tube. 


A 


Fig. 22-27 Waveforms at the discharge tube. (A) grid. (B) plate. 


The positive pulses at the grid of the discharge tube (A of Fig. 
22-27) make this tube conductive for discharging the sawtooth 
capacitor Cs in its plate circuit. The wide negative peaks on the 
discharge plate waveform (B of Fig. 22-27) are quite character- 
istic of these reactance tube systems of frequency control. 

The movable core in the oscillator inductor is the principal 
frequency adjustment, and is used as the horizontal-hold control 
in some sets. In other cases the hold control may be an adjustable 
resistor from oscillator grid to ground. In still other sets the hold 
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control is an adjustable resistor at Rp of Fig. 22-24, in the B+ 
lead to the discharge tube plate. 


TROUBLE LOCATION 


When looking for causes of poor picture reproduction the hori- 
zontal sweep section should be thought of as consisting of the 
parts represented in Fig. 22-28. Accompanying tables listing 
circuit and component faults, and giving the probable picture 
symptoms, are based on this chart. 

First, there may be faulty input to the afc tube, which may 
be any type shown in the chart. There are two inputs. One con- 


Pulses From Sync Section 


all Sawtooth From Oscillator 


Fig. 22-28 The trouble shooting tables for horizontal sweep sections are 
arranged in accordance with this chart. 


sists of negative pulses or of both positive and negative pulses 
from the sync section. If connections from sync to afc are good, 
faulty sync input indicates trouble in the sync section. 

The other input to the afc system is a sawtooth derived from 
the output of the sweep oscillator, and taken from any point be- 
tween the oscillator and horizontal coils in the yoke. Lack of 
this sawtooth indicates trouble in the oscillator or units beyond 
the oscillator. 

Since each type of automatic frequency control is used with 
a particular kind of oscillator the tables list these two portions 
of the sweep section together. That is, phase detectors are asso- 
ciated with multivibrator oscillators, pulse width triodes for afc 
are associated with a blocking oscillator, and a phase detector 
with reactance tube for afc is associated with a Hartley oscilla- 
tor and discharge tube. 

On the output of the sweep oscillator or discharge tube is a 
sawtooth capacitor whose rapid discharge and relatively slow 
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recharge produce the sawtooth drive voltage for the following 
sweep amplifier. 

Waveforms shown in preceding pages are characteristic or 
typical of the various horizontal sweep circuits and components 
when operating properly. Peak-to-peak voltages will vary with 
different receivers, but should be within ranges mentioned. 

Satisfactory waveforms from the sync input to some certain 
point in any horizontal sweep section, with unsatisfactory wave- 
forms at points beyond, mean that a fault or faults exist just 
ahead of the point where waveforms become unsatisfactory. 

Examination of the tables shows that a few picture faults are 
more common than any of the others, and that these common 
faults usually result from particular circuit troubles. The most 
common picture faults and the circuits or components mest likely 
to cause them are as follows: 


1 Viewing screen dark or Oscillator and circuit. 
brightness lacking. Amplifier and circuit. 
Sawtooth and drive. 
2 Syne absent or critical. Afe tube and circuit. 
Inputs to afc tube. 
3 Width lacking. Amplifier and circuit. 


Sawtooth and drive. 


4 Folds or split pictures. Inputs to afe. 
Oscillator and circuit. 
Afe tube and circuit. 


Checking for AFC Operation 


The afc system is not functioning properly when pictures float 
to one side or the other, or back and forth, while remaining 
recognizable and upright, not sloping. Adjustment of a hold con- 
trol may change the direction of sidewise motion, but will not 
prevent such motion. 

The afc system is functioning when the d-c correction voltage 
varies more or less continually while a TV program is received. 
Use a VIVM on a low d-c voltage range. Connect the low side 
of the meter to ground or B-minus and the high side as follows: 

a On a multivibrator oscillator to the first or input grid to 
which connects the noise filter. 

b On a pulse width afc triode to the cathode which connects 
to the filter for correction voltage. 

¢ On a reactance tube to the grid, to which connects the noise 


filter. 
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Table 22-1 
HORIZONTAL SWEEP 
Inputs to AFC Tube 


FROM SYNC SECTION 


Capacitor (one) In Series 
1 Open 


2 Too small 


Capacitors (two) From Splitter 
6 Open, too small 


Resistors Across Tube Elements 
12 Open 


13 Too great 


Connections From Splitter 
16 Reversed 


(Continued on next page) 


Where the horizontal-hold control directly affects oscillator 
frequency, as in most receivers, varying the hold adjustment will 
vary the d-c correction voltage at the points mentioned provided 
the afc system is operating. 


Checking for Oscillator versus Sync Trouble 


If the viewing screen shows only sloping lines, wide or nar- 
row, and if hold control adjustment will not produce pictures 
even momentarily, trouble probably is in the oscillator circuit. 

Check for a feedback sawtooth and for synchronizing pulses 
as follows: Connect the vertical input of the scope to, 
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a On a twin diode phase detector to the plate and cathode 
joined together. 
b On a triode phase detector to the cathode. 
¢ On a pulse width afc triode to the grid. 

If there are sync pulses riding on a sawtooth or approximate 
sawtooth both the oscillator and the sync section are operative. 

If there is only a sawtooth or approximate sawtooth, sync 
pulses are not reaching the afc tube or are not of correct wave- 
form. 

If there are only separated synchronizing pulses, without any 
sawtooth, the oscillator may be assumed to be in trouble with 
most types of sweep sections. 


Trouble Location Tables 


Faults of circuits and component parts are numbered in the 
tables. Following the tables are explanatory paragraphs num- 
bered to correspond with numbers in the tables. 


Table 22-1—cont'd 
HORIZONTAL SWEEP 
Inputs to AFC Tube 


FROM OSC. (OR SWEEP) OUTPUT 


Capacitor In Series 
17 Open 


k, No Raster 


it, Left-right 


d, Center 


ban _ — —_ —_ 


a 


Fold, Shadowy 


18 Leaky, shorted 


Capacitor To Ground 
19 Open 


20 Too small 
22 Leaky, shorted 


Resistor In Series 
23 Open 


25 Too small 
26 Shorted 


Resistor To Ground 
27 Open 


29 Too small, shorted 
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Note that the second, third and fourth tables apply in each 
case to one combination of afc system and oscillator. Obviously, 
only one of these three tables will be consulted when servicing 
any one receiver. The first and fifth tables apply to all receivers. | 


Notes Relating to Trouble Tables 


6-7 The two capacitors from plate and cathode of a splitter to 
a phase detector need not be closely matched in capacitance. 
Considerable differences do not materially affect sync action. 


Table 22-2 
HORIZONTAL SWEEP 


Phase Detector AFC 
and Multivibrator 


PHASE DETECTOR 

30 Weak, defective 

31 Leaky, heater to any element 
NOISE FILTER 


Capacitor In Series 
32 Wrong value 

Capacitor To Ground 
34 Too small, open 


36 Leaky, shorted 
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39 Tube weak, defective 


Capacitor, Plate To Grid 
42 Open 


43 Too small 


46 Shorted 
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(Continued on next page) 
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Table 22-2—cont'’d 
HORIZONTAL SWEEP 


Phase Detector AFC 
and Multivibrator 


Bending At Top 
Bright Line, Vertical 


Cathode Resistor 
47 Open 


48 Too great 


hee ofa Width Lacking 


50 Shorted 


Cathode Bypass Capacitor 
51 Leaky, shorted 


Hold Control Resistance 
52 Open 


LOCKING CONTROL (Stabilizer) 
56 Misadjusted 


57 Coil winding open 


Capacitor In Parallel 
58 Open 


59 Wrong value 
60 Leaky, shorted 


Resistor To Osc. Plate 
61 Open 


62 Too great 
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correction voltage for a multivibrator. 

12-15 These are resistors marked Ra and Rb in Figs. 22-2, 8, 
9 and 11. Performance is most satisfactory when the two resist- 
ances are matched within 10% plus or minus, and units of this 
tolerance should be used for replacement. | 

17-18 Pulses from which are derived the feedback sawtooth 
must be of correct polarity, nearly always positive, and must be 
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of good clean waveform without irregularities or “hash.” When 
these conditions are not obtained there will be shadowy folds 
moving with movement of objects in pictures. 

In the horizontal yoke coils of some receivers there is adjust- 
able direct current for horizontal centering. In this case the pulses 
for the feedback sawtooth must be taken from a point in the 
output transformer, damper or yoke circuit that connects to B+. 
Any other connection usually causes a great deal of hash, critical 
sync, and shadowy folding. 

34-38 As a general rule a smaller capacitance to ground re- 
quires greater series resistance, and vice versa, in order to pre- 
serve good picture quality. 

39 A tube whose amplifying ability at horizontal line frequency 
is as little as 50% of normal, for a new tube, usually will operate 
satisfactorily as a multivibrator. A still weaker tube usually 
causes loss of brightness before it refuses to oscillate and cause 
complete failure of high voltage for the picture tube anode. 
42-46 This is the coupling capacitor from input plate to output 
or discharge grid of the multivibrator, and is also the capacitor 
which maintains negative voltage on the discharge grid in con- 
nection with the grid resistor or hold control. The capacitor is 
critical both in value and quality. 

52-53 Do not fail to check the condition of a hold control 
potentiometer. A resistance element that is rough from long use 
will cause much trouble. 

56 A generally satisfactory method of adjusting the locking 
control for a multivibrator oscillator is as follows: 

a Tune in a program, to make sure it can be done, and let the 
set warm up for at least 10 minutes. Long warmup is important 
when some or all of the tubes have seen long use. 

b Set the operator’s hold control, if other than the locking ad- 
justment, at its mid-position. Some sets have an adjustable (serv- 
ice) resistor in series with the operator’s control. Set both 
resistances at their middle values, approximately. 

c Adjust the frequency control if this is necessary to bring pic- 
tures into sync. 
d Switch to an idle channel and back to the active channel. 
e If pictures do not pull into sync, adjust the frequency control 
until they just pull in, then continue the adjustment in the same 
direction for about an additional quarter turn. 

f Switch to an idle channel and back again. 

g Continue adjustment of the frequency control until pictures 
pull into syne, when switching from idle to active channels, with 
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the operator’s hold control moved as far as possible each way 
from its mid-position. An adjustable resistor in series with the 
operator’s hold control may be set to obtain satisfactory pull-in 
without continued adjustment of the frequency control. 

59 A paper capacitor in parallel with the locking control coil 
may measure correct capacitance when cold, but may alter its 


Table 22-3 
HORIZONTAL SWEEP 


Pulse Width AFC and 
Blocking Oscillator 


zy Pictures 
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AFC TRIODE AND CIRCUIT 
65 Tube weak, defective 


66 Cathode-heater leak 


Grid Circuit 
67 Grid-cath cap’r leaky 


68 Grid-cath cap’r shorted 
69 Resistor open, too great 
70 Resistor small, shorted 

71 Locking capacitor shorted 


Plate, Or Hold Control 
72 Voltage low, zero 


73 Voltage too high 

74 Bypass cap’r open 

75 Bypass cap’r leaky, shorted 
FILTER FOR CORRECTION VOLTAGE 


Capacitor To Ground 
76 Open, too small 


77 Too great 
78 Leaky, shorted 


Capacitor-Resistor To Ground 
79 Capacitor open, small 


80 Capacitor leaky, shorted 
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81 Resistor open, too great 


82 Resistor shorted 
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capacitance enough to prevent resonance after warmup. This calls 
for readjustment of the hold control after the set has operated for 
a short time. A negative temperature coefficient (NTC) capacitor 
of any type and of correct value will correct this trouble. 

62-63 The value of the resistor between the locking control and 
multivibrator plate is rather critical in most sets. Varying this 
resistance will cause considerable change of oscillator frequency 
and difficulty with synchronization. 

67-68 In Fig. 22-23 this is the capacitor from the bottom of resis- 
tor Rd to the afc cathode. 


Table 22-3—cont'd 
HORIZONTAL SWEEP 


Pulse Width AFC and 
Blocking Oscillator 


d, Side 
d, Shadowy 


Resistor To Osc. Grid Line 
83 Open 


87 Tube weak, defective 


89 Plate voltage too low 
90 Plate voltage too high . 


Resistor, Grid To Ground 
91 Open 


92 Shorted 


Resistor, To Stabilizer “’D’’ 
93 Open 
94 Too small 
95 Shorted 


Capacitor, Grid To Freq. Coil 
96 Open 


97 Too small 
99 Leaky, shorted 
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Table 22-3—cont'’d 
HORIZONTAL SWEEP 


Pulse Width AFC and 
Blocking Oscillator 


All Over Or Top 


Brightness Lacking 


Frequency (Or Hold) Control 
100 Misadjusted 


101 Resistor open 

102 Resistor too great 
103 Resistor too small 
104 Resistor shorted 


Stabilizer Control 
105 Misadjusted 


106 Capacitor open 

107 Capacitor too small 
108 Capacitor leaky, large 
109 Capacitor shorted 


TP J ening Ae op 
ae a 

TT ep fe ark, No Raster 
Te Yoda, Center 
epee er rata, 

TT Fria, Stadowy 
CT Yay Pictares 


69-70 In Fig. 22-23 this is resistor Rd. 

71° In Fig. 22-15 this adjustable capacitor is marked CL. There 
may be a fixed capacitor in series. The lacking capacitor is not 
found in all sets using pulse width afc. When not used or dis- 
connected, its effect usually may be compensated for by readjust- 
ment of the frequency control. 

72-73 These faults apply to hold control resistances which vary 
the plate voltage of the afc triode. They apply also to plate voltage 
of the afc triode where the hold control function is performed by 
adjustment of the frequency control in the oscillator plate circuit, 
as in Fig. 22-23. 

Excessive voltage on the plate of the afc triode will, in some 
sets, cause small vertical waves to appear all over the top quarter 
of the viewing screen. 

76-86 In Figs. 22-15 and 22-23 the filter for d-c correction volt- 
age consists of capacitors Ca and Cb, and resistor Ra. 

83-86 In Figs. 22-15 and 22-23 this is resistor Rb through which 
d-c correction voltage from the afc system is applied to the os- 
cillator grid circuit. The oscillator grid circuit includes resistor 
Rg and Rh. 


HORIZONTAL SWEEP 417 


87 The blocking oscillator tube must be in fairly good condition 
to have satisfactory operation. A tube which tests as low as 70% 
to 75% of normal amplifying ability usually causes no trouble. 
At 50% of normal performance there still may be oscillation, but 
picture tube anode voltage will be low and there will be lack of 
brightness. 

93-95 In Fig. 22-23 this is resistor Re. The principal effect of 
excessive resistance or an open circuit at this point is horizontal 
folding. 

96-99 In Figs. 22-15 and 22-23 this is capacitor Rg. It carries 
alternating feedback voltage from oscillator plate to grid, and 
blocks B+ voltage at the plate from the grid. 

100 and 105 A satisfactory method for adjusting the frequency 
and stabilizer controls is as follows. 

a Short out the stabilizer by connecting a jumper between ter- 
minals C and D. 

b If there is a horizontal-hold control on the plate of the afc 
triode set this control for maximum positive voltage on the plate, 
usually by turning the control clockwise. 

c Tune in a program and allow the receiver to warm up very 
thoroughly. 

d If pictures are not now synced, adjust the frequency control 
to bring them into sync. This adjustment usually is on the end of 
the can opposite the terminal lugs. 

e Remove the jumper from stabilizer terminals C and D. 

f Connect the vertical input of the scope to terminal C and the 
low side to chassis ground. Unless the scope has high input im- 
pedance use a fixed capacitor of no more than 10 mmf in series 
with the vertical input. 

g Adjust the stabilizer control to obtain the waveform at A of 
Fig. 22-21, with rounded and sharp peaks as nearly as possible at 
the same height. A waveform such as in B of Fig. 22-21 may make 
it difficult for pictures to pull in when switching channels or may 
allow horizontal folding. A waveform such as in C of Fig. 22-21 
allows noise pulses to destroy synchronization or may allow 
pictures to drop out of sync quite easily. 

h Pictures should pull in quickly when switching stations and 
should hold with the hold control all or nearly all the way in 
either direction. To obtain this performance it may be necessary 
to make slight readjustment of the frequency control. 

107-108 When the capacitor across the stabilizer coil is of a 
type which changes capacitance during warmup it may be neces- 
sary to readjust the hold control after the set operates for a short 
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Table 22-4 


HORIZONTAL SWEEP 


Reactance Tube AFC 
and Hartley Oscillator 


110 Tube weak, defective 


Capacitor, Plate To Tank 
116 Open 


117 Too small 
118 Too great 


120 Shorted 


Resistor, Cathode To Tank 
121 Open 


122 Too great 
123 Too small 
124 Shorted 


Resistor, Cathode To Ground 
125 Open 


126 Too great 
127 Too small, shorted 


Capacitor, Cathode Bypass 
128 Open 


131 Tube weak, defective 


ghtness Excessive 
ghtness Lacking 
k, No Raster 
Shadowy 
y Pictures 
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Table 22-4—cont'd 
HORIZONTAL SWEEP 


Reactance Tube AFC 
and Hartley Oscillator 


Fold, Shadowy 
Jitter Or Jumping 
Sync Absent 


Grid Capacitor 
135 Open 


Grid Resistor 
140 Too great, open 


141 Too small 
142 Shorted 
Plate To Ground Capacitor 
143 Open 
144 Too small 


DISCHARGE TUBE AND CIRCUIT 
147 Tube weak, defective 


148 Plate voltage zero 
149 Plate voltage low 
150 Plate voltage high 


Capacitor From Osc. Tank 
151 Open 
152 Too small 
153 Leaky, shorted 
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time. A capacitor having a negative temperature coefficient (NTC 
type) will prevent such trouble. 

114-115 These faults prevent application of d-c correction volt- 
age to the reactance grid. 

121-124 This resistor carries current between the oscillator 
cathode and ground. 

125-127 This resistor carries cathode current for the reactance 
tube and also for the oscillator. Bias voltage developed across 
this resistor for the reactance tube grid thus is considerably 
greater than would be due to reactance cathode current alone. 


Table 22-5 : 
HORIZONTAL SWEEP | 


Oscillator and § 
Amplifier Tubes 5 


SAWTOOTH SYSTEM 


Capacitor 
158 Open 


159 Too small 
160 Too great 
162 Shorted 


Series (Peaking) Resistor 
163 Open 
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166 Shorted 
DRIVE CONTROL 
167 Misadjusted 

Capacitor To Ground 
168 Open, too small 
169 Too great 
AMPLIFIER AND CIRCUIT 
172 Tube weak, defective 


173 Cathode-heater leak 
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Table 22-5—cont’d 
HORIZONTAL SWEEP 


Oscillator and 
Amplifier Tubes 


Screen Voltage 
174 Zero 


175 Too low 
176 Too high 


Screen Bypass Capacitor 
177 Leaky, shorted 

Capacitor From Oscillator 
178 Open 


183 Too great, open 


Cathode Resistor 
185 Open 


186 Too great 
187 Too small, shorted 


Cathode Bypass Capacitor 
188 Leaky, shorted 
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128-130 Some receivers are designed to operate with no capaci- 
tor across the cathode resistor on the reactance tube. 

134 Where the oscillator tank inductor, L in Fig. 22-24, is the 
only horizontal hold adjustment the procedure is to adjust the 
inductor core for prompt pull-in when switching from idle to 
active channels. All active channels should be checked for pull-in 
performance. , 

- Where an operator’s hold control consists of an adjustable 
resistor this control should be set at its mid-position while ad- 
justing the core of the tank inductor. With the afc system oper- 
ating properly there should be pull-in with a hold control resistor 
set close to either extreme of its rotation. 
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143-146 In Fig. 22-24 this is capacitor Cp. For alternating and 
synchronizing voltages the plate circuit of a Hartley oscillator 
must be completed through a capacitance or capacitances back 
to the bottom of the oscillator inductor. This purpose sometimes 
is served by decoupling or bypassing capacitors connected on the 
plate side of any voltage dropping resistor between the plate and 
a B+ supply line. 

167 In many receivers there is no adjustable drive control for 
varying amplitude of sawtooth voltage applied to the grid of the 
sweep amplifier. In such cases the drive depends on relative 
values of all capacitors and resistors between the sawtooth capaci- 
tor and the amplifier grid. Drive is lessened by smaller capaci- 
tances or by greater resistances in series. Drive is increased by 
smaller capacitances or by greater resistances to ground. In this 
connection it must be kept in mind that smaller capacitance 
means greater capacitive reactance and greater opposition to 
passage of drive voltage either to the amplifier grid or to 
ground. 

Increase of drive voltage at the amplifier grid tends to increase 
second anode voltage to the picture tube, to increase brightness, 
and to increase the boosted B-voltage. Greater drive may or may 
not increase picture width, depending on relative effects of grid 
swing and picture tube anode voltage. 

172 An irregular or ragged dark vertical line toward the left- 
hand side of the viewing screen is caused by Barkhausen oscilla- 
tion in the output amplifier and its circuit. An amplifier suffering 
from this trouble in one receiver may prove entirely satisfactory 
in another. Excessive screen voltage tends to cause Barkhausen 
oscillation, also a faulty screen bypass capacitor. 

176 Excessive screen voltage is likely to increase total cathode 
current to an amount allowing the wattage dissipation limit of the 
tube to be exceeded. If sweep amplifier tubes have short life, try 
reducing the screen voltage or, at least measure the total cathode 
current and compare it with tube ratings. 

178-182 These faults refer to any capacitor or capacitors in 
series between the plate of the oscillator or discharge tube and 
the grid of the sweep amplifier. 


Section 23 


DEFLECTION AND HIGH VOLTAGE 
(Sections 23 Through 27) 


IN both black-and-white and color receivers, we find outputs from 
the horizontal and vertical sweep amplifiers to the deflection yoke 
which are basically similar. The outputs contain several groups of 
parts. The functions of these parts are so closely related that 
faults in any one often affects the action of several others. 

These groups of parts are shown in the block diagram, Fig. 23-1. 
In color receivers, you will find additional branches from the 
blocks shown in the diagram. For example, there is a branch from 
the horizontal-output circuit which drives the horizontal dynamic 
convergence system. There is another branch from the vertical- 
output circuit which drives the vertical dynamic convergence 
system. These branch circuits will be explained in Section 28. 

For the purposes of troubleshooting, we consider the parts 
indicated in Fig. 23-1 as falling into five groups, which are 
numbered 23 to 27. In the case of a black-and-white receiver these 
are complete groups. However, for color receivers, you must keep 
in mind that the dynamic convergence systems are additional 
groups. Faults in the five groupings generally affects the action of 
the dynamic convergence circuits, as noted in Section 28. The 
operation of the gating circuits is often affected also, as discussed 
in Sections 15 and 16. 


Group 23 Horizontal Deflection 


Group 23 contains the horizontal-output transformer, the hori- 
zontal deflection coils in the yoke, the damper tube, and their 
circuits. In all but the economy type of receivers, this group 
includes a width control and usually a linearity control in the 
horizontal-output and damper circuits. Drive voltage for this 
group of parts is applied to the grid of the horizontal-output tube. 
In turn, the horizontal-output tube drives the flyback trans- 
former. 

423 
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Group 24 Boosted B+ Voltage 


Boosted B+ voltage is generated in the damper circuits. It 
passes through the flyback transformer to the horizontal-output 
tube. It usually is applied also to the vertical-output tube and 
vertical oscillator. Other tubes in the receiver sometimes are 
supplied with boosted B+ voltage. 


Group 25 High Voltage (In Black-and-White Receivers) 


We find the high-voltage rectifier and its circuits in the high- 
voltage group. High voltage for the picture tube is generated in 
the flyback transformer from stored energy in the yoke and 
transformer core. Because the high-voltage circuits in color 
receivers are somewhat different from those in black-and-white 
receivers, the former are explained separately in Section 28. The 
picture symptoms and faults discussed in Group 25 apply pri- 
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Fig. 23-1 These are the sections so closely related that performance of any 
one may be affected by any of the others. 
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marily to black-and-white receivers. Although lack of sufficient 
voltage at the picture tube anode may result from faults in the 
high-voltage section, the more likely causes are in any of the 
other parts shown by Fig. 23-1, or even further back in the 
receiver. 


Group 26 Vertical Deflection 


Previously considered have been the vertical sweep oscillator 
and amplifier. The vertical deflection system to be considered now 
includes the vertical output transformer and the vertical de- 
flecting coils in the yoke. The vertical deflection group commonly 
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Fig. 23-2 Electron flows in a system which includes a horizontal output 
transformer with insulated secondary. 
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is related to the horizontal deflection group through the boosted 
B+ voltage, but sometimes is entirely independent. 


Group 27. Deflecting Yoke 


The deflecting yoke is considered as a unit, not as separate 
horizontal and vertical pairs of coils, in relation to troubles due 
to incorrect positioning and incorrect cable connections. 


Electron Flows 


In all of the early receivers and in many later models the 
horizontal output transformer has completely separate primary 
and secondary windings insulated from each other within the 
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Fig. 23-3 Electron flows in circuits associated with a horizontal output 
autotransformer. 
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transformer structure. Such construction and typical circuit con- 
nections are shown by Fig. 23-2. 

In the great majority of present receivers the horizontal output 
transformer is an autotransformer with primary and secondary 
windings connected end to end within the transformer structure. 
This design and typical connections are shown by Fig. 23-3. 

Arrows on these two diagrams show the directions of d-c 
electron flows. So far as the illustrated circuits are concerned 
the electron flows begin at the ground connections which lead to 
the negative side of the low-voltage or B+ power supply, and 
they end at connections marked “B+,” which go to the positive 
side of the low-voltage power supply. 

Consider first the diagram of Fig. 23-2 for an insulated- 
secondary output transformer. Electrons enter at the ground 
connection on the cathode of the horizontal sweep amplifier and 
flow through this tube to its plate. The flow then passes through 
the transformer primary to the cathode of the damper tube, 
possibly going through a linearity control inductor between 
transformer and damper. 

The electron flow goes from cathode to plate in the damper, 
thence through the entire secondary winding of the transformer 
to a B+ connection. 

Note that electron flow from cathode to screen of the sweep 
amplifier passes through a dropping resistor directly to a B+ 
connection without going through the output transformer or the 
damper tube. This is common practice. 

Cathode electron flow or current for the picture tube enters 
from a ground connection and goes through the tube to its high- 
voltage anode, thence to the filament or cathode of the high- 
voltage rectifier. After going from filament to plate in this rectifier 
the flow goes through an extension of the transformer primary 
and then joins the flow coming from the plate of the sweep am- 
plifier to follow this amplifier electron flow path through the 
damper, the transformer secondary, and to B+. 

To step up the voltage pulses from the plate of the sweep am- 
plifier before they reach the plate of the high-voltage rectifier 
the extension of the transformer primary forms, with the main 
primary winding, an autotransformer. This, however, is not the 
autotransformer action referred to when distinguishing between 
the transformer designs shown by Figs. 23-2 and 23-3. 

Consider now the circuits of Fig. 23-3 where all the windings 
of the horizontal output transformer are internally connected 
together and where we have true autotransformer action. 
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D-c electron flow from a ground connection goes from cathode 
to plate of the horizontal sweep amplifier, thence through the 
middle section of the output transformer and to the cathode 
of the damper tube. After passing from cathode to plate in the 
damper, the flow goes to a B+ connection. 

Electron flow through the picture tube and high-voltage recti- 
fier is the same as for Fig. 23-2, passing then through the ex- 
tension of the transformer winding to join the flow coming from 
the plate of the sweep amplifier. 

When boosted B-voltage from the damper circuit is applied to 
the vertical sweep and deflection circuits, and possibly to other 
circuits or loads as well, d-c electron flows are as shown in the 
lower part of Fig. 23-3. 

These electron flows in boosted-B circuits enter the tubes from 
ground or B-minus connections on the tube cathodes and go to 
tube plates or sometimes to tube screens. 

The boosted-B d-c electron flows combine and pass through the 
lower part of the output transformer to the damper cathode, 
from which there is a connection to B+. 

Keeping in mind the paths followed by d-c electron flows is 
of great help in locating troubles such as open circuits, high- 
resistance connections and short circuits. It is to be especially 
noted that the damper tube carries plate current for the hori- 
zontal sweep amplifier, anode current from the picture tube, and 
currents from all sections and circuits furnished with boosted 
B-voltage. That is, the damper actually is in series with all these 
other circuits. 

Although there are not very many components in a horizontal 
deflection system it will be found that the parts which are com- 
monly used may be connected together in a great variety of 
circuits. Figs. 23-4 to 23-7 illustrate some of the combinations and 
connections in general use, but there are many variations and 
modifications to be found in the service diagrams for particular 
receivers. , 

Among the features to be noted in Fig. 23-4 are the following: 
There is no direct current in the horizontal yoke coils because 
such current is blocked by capacitor Ca. This capacitor does, 
however, carry alternating currents between the yoke coils and 
the transformer winding. There is the usual shunting capacitor 
across the yoke coil that is directly connected to the high side of 
the deflecting circuit. 

Across part of the turns in the transformer is connected a 
width control consisting of an adjustable inductor. Another 
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adjustable inductor in series with the damper plate forms a 
control for horizontal linearity. Such width controls and linearity 
controls are found with a majority of output transformers having 
an insulated secondary, but are shown here as connected in a 
design employing an output autotransformer. Capacitors Cb, Cc 
and Cd are generally used in connection with a linearity control 
inductor. 

Resistor Rb and the capacitor from its lower end to ground are 
parts of the filter system for boosted B-voltage applied from the 
low side of the transformer to various sections and circuits. 

In Fig. 23-5 there is neither a width control nor a linearity 
control inductor. Filter elements for boosted B-voltage would be 
present but are not shown on the diagram. There is direct current 
in the yoke coils because both the high side and low side of the 
yoke assembly are conductively connected to the transformer. 

From between the yoke coils of Fig. 23-5 and a tap on the 
transformer winding is a connection containing resistor Ry, which 
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Fig. 23-4 A horizontal deflection system which includes adjustable inductors 
for picture width and linearity. 
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usually is of about 5,000 ohms. Capacitor Ca across the high-side 
yoke coil may or may not be used when there is the center tap 
connection. , 

Also to be noted in Fig. 23-5 is capacitor Cd from the damper 
plate to ground. This capacitor usually is of only a few hundred 
micromicrofarads and is used in addition to larger electrolytic 
filter capacitors on the B+ lines. 

In Fig. 23-6 the two horizontal yoke coils are in parallel with 
each other instead of being series connected. There is no direct 
current in the yoke coils because of blocking capacitor Ca. The 
path for alternating currents between yoke and transformer is 
completed through capacitor Ca, resistor Ra, ground, and capaci- 
tor Cb connected to the low side of the transformer winding. 
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Fig. 23-5 In this horizontal deflection system a point between the yoke coils 
is connected to a tap on the transformer. 


B+ 


A sawtooth feedback voltage for the afc section is taken from 
between capacitor Ca and resistor Ra. This resistor seldom is of 
more than 10 to 20 ohms. The waveform of current in this small 
resistance is the same as that of deflecting current in the yoke 
coils. Consequently, with this design, an oscilloscope connected 
from between Ca and Ra to ground will show the deflecting cur- 
rent waveform. The parallel yoke coils and the afc takeoff have 
no relation to each other; either feature may be found with or 
without the other. 

Note that the width control inductor of Fig. 23-6 is connected 
only across turns of the transformer which form an extension 


DEFLECTION AND HIGH VOLTAGE 431 


from the low side. Boost voltage is taken from above the width 
inductor. Resistor Rb and capacitor Cb help filter the boosted 
B-voltage. 

The most noticeable feature in Fig. 23-7 is the resistor Ra be- 
tween sections of the horizontal output autotransformer. When 
this resistor is adjustable, as shown here, it is used as a horizontal 
centering control. 
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Fig. 23-6 Here the horizontal coils in the deflecting yoke are in parallel with 
each other. 


The yoke coils of Fig. 23-7 are conductively connected to the 
transformer winding, which allows direct current to flow in the 
yoke. Were there an open circuit at the position of resistor Ra 
all plate current from the horizontal amplifier would flow to the 
damper cathode through the yoke coils. Were there a short circuit 
at the position of resistor Ra the sweep amplifier plate current 
would go to the damper through the short circuit without passing 
through the yoke. Accordingly, adjustment of resistance at Ra 
varies the value of direct current in the yoke and thereby shifts 
pictures to the right or left. 

A resistor at Ra of Fig. 23-7 may be of fixed value rather than 
adjustable. In still other cases the transformer may be of the same 
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construction, but a direct connection is used instead of a resist- 
ance element. 


OUTPUT TRANSFORMER AND WIDTH CONTROL 


Table 23-1 lists faults commonly encountered in horizontal out- 
put transformers and in width control inductors. Following are 
notes referring to the faults. The paragraphs of notes are num- 
bered to correspond with numbered faults in the table. 

1 On some transformers are a number of taps, to any one of 
which the yoke may be connected so that the yoke is across 
different numbers of transformer winding turns. When one end 
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Fig. 23-7 The adjustable resistor between sections of the horizontal output 
transformer is a horizontal centering control. 


of the yoke remains connected to a tap at or near the end of the 
transformer winding while the other end of the yoke is shifted to 
cover more and. more transformer turns, picture tube anode volt- 
age will increase to a maximum with some certain connection, 
then decrease as the yoke is connected across still more trans- 
former turns. 

3-4 Any capacitor connected across any portion of the trans- 
former winding reduces picture tube anode voltage, and thus 
allows wider pictures. Retrace time is increased. These effects 
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Table 23-1 
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TRANSFORMER 
1 Wrong type for yoke or 
amplifier 


2 Capacitor-resistor network, 
any faults 


Capacitor Across Turns 
3 Too great 


4 Leaky, shorted 


Resistor Between Sections 
5 Open 


6 Shorted, or wrong value 


Circuit 
7 High-resistance joints 


8 Internal open 


9 Internal shorted turns 


Core 
10 Grounded when should be 


insulated 
11 Gap too great 
WIDTH CONTROL INDUCTOR 
12 Open circuited 
13 Short circuited 


Misadjusted Or Wrong Type 
14 Too much inductance 
15 Too little inductance 


Connection To Transformer 
16 Across too many turns 


17 Across too few turns 


Capacitor Across Inductor 
18 Capacitance too great 


19 Too small, open 
20 Leaky, shorted 
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become more pronounced as the value of capacitance is in- 
creased. 

5-6 When a resistor is between sections of the transformer 
winding with the yoke connected at one end of the resistor and 
the damper tube at the other end (Fig. 23-7) the amount of 
resistance determines the amount of direct current in the yoke 
coils. Such yoke current shifts the pictures sideways to a distance 
depending on the amount of d-c current in the yoke. Varying the 
value of resistance has little or no effect on picture tube anode 
voltage, on width or on linearity. 

8-9 When a service diagram gives resistances of windings a 
considerable difference between actual and specified resistance 
usually indicates internal trouble, but is not likely to indicate only 
a few shorted turns. When correct inductances are specified there 
will be noticeable variation in actual measured inductance when 
there are many shorted turns. Severe over-heating of a trans- 
former often indicates shorted turns. The surest way of deter- 
mining that a transformer is internally faulty is to temporarily 
replace it with one known to be good, and to observe performance 
for any improvement.. 

11 Some of the causes for excessive core gaps are: Loose 
mounting screws. A gap spacer has become defective. Excessive 
dirt has collected in the gap. 

14-15 Width often is varied not by means of an adjustable in- 
ductor across turns of the output transformer but by varying the 
screen voltage on the horizontal sweep amplifier or peak-to-peak 
value of drive voltage at the grid of this amplifier. Picture width 
varies directly with peak-to-peak value of drive voltage. 
16-17 <A width control inductor across transformer turns is an 
inductance in parallel with part of the transformer inductance 
and, therefore, reduces the effective inductance of the transformer 
winding. The greater the number of transformer turns across 
which the width control is connected: the less is the effective in- 
ductance. Less inductance decreases picture tube anode voltage 
and thereby allows increased picture width. One of the symptoms 
of a control inductor across too many transformer turns is varia- 
tion of picture brightness when the width control is adjusted one 
way or the other. 


DAMPER CIRCUIT, LINEARITY CONTROL AND DRIVE 


Where the horizontal output transformer is an autotransformer 
(Fig. 23-3) the cathode of the damper tube is connected to the 
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high point of transformer winding and either directly or through 
part of transformer winding to high side of horizontal yoke coils. 

Where the horizontal output transformer has an insulated 
secondary (Fig. 23-2) the plate of the damper tube is connected 
to the high side of the secondary and, usually through part of the 
secondary winding, to the high side of the yoke. 

With an autotransformer the damper cathode is the high-side 
element. With an insulated-secondary transformer the damper 
plate is the high-side element. Voltage pulses at the high-side 
element of the damper, either its cathode or plate, have peak 
values ranging from 1,200 to as much as 4,000 volts and may be 
safely observed on an oscilloscope only by using a high-voltage 
capacitor type probe on the vertical input of the scope. 

Pulses at the damper cathodes of two receivers having auto- 
transformers for horizontal output are shown by Fig. 23-8. This 
general waveform is characteristic of damper cathodes in all sets 
having autotransformers for horizontal output. 
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Fig. 23-8 Pulses observed at cathodes of damper tubes connected to hori- 
zontal output autotransformers. 
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Fig. 23-9 Pulses at the damper plate connected to an output transformer 
having an insulated secondary. 


Fig. 23-9 shows pulses at the damper plate in a receiver having 
a horizontal output transformer with insulated secondary. The 
waveform is generally similar to that from high-side cathodes but 
the polarity is opposite, here being negative. In both cases the 
vertical input of the oscilloscope was connected through a capaci- 
tor probe to the high-side element of the damper, the cathodes for 
Fig. 23-8 and the plate for Fig. 23-9. 

The low-side element of a damper connected to an autotrans- 
former is the plate, and connected to an insulated-secondary trans- 
former is the cathode. Peak-to-peak voltages on the low-side 
elements are low enough to observe without a capacitor probe. 

There are no generally characteristic waveforms at the low-side 
elements of dampers. The waveform depends on circuits con- 
nected to damper low side, on whether or not there is a linearity 
control inductor, on what capacitors and resistors are in circuit. 

Damper current waveforms vary widely with the type of re- 
ceiver and the damper circuit employed. At A of Fig. 23-10 is a 
trace of damper current from one receiver having an autotrans- 
former for horizontal output and at B is a trace from another 
receiver having an autotransformer. At C is a damper current 
trace from a set having an insulated secondary output trans- 
former. In all these cases the oscilloscope was so connected that 
increases of damper current are upward and decreases are down- 
ward on the traces. 

Fig. 23-11 shows features found in some damper circuits. In 
diagram A there is a capacitor, usually less than 100 mmf, from 
cathode to plate of the damper. Also, between the damper plate 
and B+ is a fuse which usually has a value anywhere from 200 
milliamperes or 0.2 ampere up to % ampere, and frequently is of 
the slow-blow type. 
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Fig. 23-10 Waveforms of damper current may vary widely in different re- 


ceivers. 
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Fig. 23-11 Circuit elements used in connection with dampers. 
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A fuse in this position protects the output transformer windings 
from overheating and burnout in case there is excessive current 
in the horizontal sweep amplifier. The damper carries all plate 
current from the amplifier, and when there is a connection from 
above the fuse to the amplifier screen the fuse will carry all cur- 
rent flowing in the amplifier tube. 

In diagram B of Fig. 23-11 there is one r-f choke on the damper 
cathode and another on its plate. Chokes may be used in only one 


Fig. 23-12 Horizontal yoke currents causing non-linearity. (A) compression 
at left and stretching at right. (B) compression at center and stretching at 
both sides. 

of these positions or in both places, as shown. This diagram shows 
also a capacitor C from damper plate to ground. This capacitor is 
of a few hundred mmf at most. 


Horizontal Linearity 


Pictures which are non-linear horizontally probably result 
more often from faults in the damper and its circuits than from 
any other troubles. When there is a linearity control inductor it 
may be misadjusted, but since such a control is in the damper cir- 
cuit the trouble still is associated with the damper. 
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When pictures are horizontally linear, with no crowding or 
stretching anywhere, the sawtooth current in the horizontal yoke 
coils will show on oscilloscope traces as having perfectly straight 
slopes between retraces. With non-linearity due to faults any- 
where in the deflection system the slopes will not be perfectly 
straight, but irregularities may be too slight to notice on a trace, 
while reproduced pictures are defective. 

Yoke current traces may be observed by connecting in series 
with the low side of the yoke coils a resistor of from one to five 
ohms, then connecting the scope vertical input and ground leads 
to the ends of the resistor. At A of Fig. 23-12 is a trace of yoke 
current which was accompanied by compression at the left and 
stretching at the right in pictures. At B is a trace accompanied 
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Fig. 23-13 Using a square wave generator for producing vertical bars used 
in checking linearity. 


by compression at the center and stretching on both sides of pic- 
tures. All of these troubles were due to faulty bypassing capaci- 
tors on the low side of the yokes, at leads to B+. 

In the absence of transmitted test patterns the easiest way to 
check horizontal linearity, or lack of it, is with a bar generator 
capable of furnishing equally spaced lines or vertical rows of dots 
on the picture tube viewing screen when the generator output is 
applied to the antenna terminals or to the video amplifier control 
grid in the receiver. 

A square wave generator which will tune to approximately 200 
kilocycles and has terminals for a synchronizing input makes an 
excellent bar generator when used in the setup of Fig. 23-13. 
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Connect the square wave output of the generator to the grid of 
the video amplifier through a fixed capacitor C which may be as 
small as 10 mmf for a high-gain amplifier or as great as 1,000 mmf 
for an amplifier of low gain. On the synchronizing input of the 
generator use a lead with a spring clip, such as a pee-wee type. 
Clamp this clip anywhere over the insulation of the lead going to 
the high side of the horizontal coils in the yoke, without breaking 
the insulation. 


Fig. 23-14 Voltage waveforms at the sweep amplifier grid. Slight irregu- 
larities, as at (B) are not likely to cause trouble. 

It is not necessary to disconnect the receiver antenna or to dis- 
connect the video amplifier grid from its regular leads. The higher 
the frequency to which the generator is tuned the greater will be 
the number of vertical bars on the picture tube screen. Slight 
waving of the bars may be stopped by adjustment of the vertical 
hold control. The bars will be evenly spaced across the picture 
tube when there is horizontal linearity, and unequally spaced 
when there is nonlinearity. 


DEFLECTION AND HIGH VOLTAGE 441 


In cases of faulty horizontal linearity it may be necessary to 
investigate conditions all the way back to the drive voltage at the 
sweep amplifier grid. At A of Fig. 23-14 is a normal or good wave- 
form as observed at a sweep amplifier grid. Slight irregularities 
or waviness as at B are not likely to cause noticeable non-linearity 
in pictures. Large waves or bumps should be investigated. 

It is, of course, not possible to observe a waveform at the hori- 
zontal sweep amplifier cathode when the cathode is connected 
directly to ground. If there is a cathode resistor bypassed with 
large capacitance to ground the cathode waveform should appear 
as at A of Fig. 23-15. Such a wave is characteristic of nearly all 
circuit points at which there are sawtooth or moderately pulsed 
voltages and a large bypassing capacitance. The wave indicates 
only the charging and discharging of the capacitor and tells 
nothing important about what is happening other than this. 


Fig. 23-15 Waveforms at the cathodes of horizontal sweep amplifiers. (A) 
with large bypass capacitance. (B) with an unbypassed resistor to ground. 


When a horizontal sweep amplifier cathode is connected to 
ground through a small resistance, something less than 100 ohms, 
and when there is no bypass capacitor, a trace taken from the 
cathode end of the resistor shows the waveform of cathode cur- 
rent. A typical example is at B of Fig. 23-15. 


Faults and Symptoms 


Table 23-2 lists common faults in the damper, the linearity con- 
trol and the drive system together with their associated circuits, 
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and shows picture symptoms which usually accompany the faults. 
Following are numbered paragraphs which refer to similarly 
numbered faults in the table. 

23 The strong voltage pulses which occur at the damper tube 
are positive, and they make the cathode strongly positive with 


Table 23-2 
HORIZONTAL DEFLECTION 


Damper, Linearity Control 
And Drive Voltage 


Anode Voltage Low, Zero 
(See Table 25-2) 
(See Table 24-1) 


Boost Voltage Low 


DAMPER TUBE AND CIRCUIT 
21 Tube weak, gassy 


22 Plate voltage low 
23 Cathode-heater leakage 


24 Heater winding excess 
capacitance 


Connections 
25 High-resistance joints 


26 Leads dressed wrongly 


27 Wrong connections to 
transformer 


Series Choke Or Chokes 
28 Shorted or omitted 


Plate Bypass Capacitor 
29 Open, too small 


LINEARITY CONTROL INDUCTOR 


30 een or of wrong 
value 


31 Open circuited 
32 Short circuited 


DRIVE VOLTAGE 
33 Too weak, peak-to-peak 


34 Too strong 


37 Bypass capacitor open 
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reference to the heater as well at the plate. Tubes designed espe- 
cially for damper service are capable of withstanding peak heater- 
cathode voltages well in excess of 4,000 when the cathode is 
positive with reference to the heater. Consequently there is little 
trouble from cathode-heater leakage in receivers of recent design. 
As a general rule a cathode-heater leakage resistance would be 
less than 100K ohms to cause serious difficulties. The older 6W4 
damper tube is directly replaceable with the newer 6AX4 and 
usually with the 6AU4, although this latter type draws 1.8 ampere 
for its heater instead of the 1.2 ampere of the other types. 

24 When using rectifier tubes not especially designed for 
damper service in receivers having large picture tubes and high 
pulse voltages it is necessary to limit the potential difference 
between cathode and heater to minimize the chances for break- 
down. As a rule the damper heater is supplied from a separate 
winding on the power transformer. Then the heater and cathode 
are connected together directly or through a low resistance. 

If the damper heater winding on the power transformer has 
much capacitance to other windings or to the transformer core 
there will be a considerable loss of pulse voltage through this 
capacitance. This loss may be lessened by using between cathode 
and heater a fixed resistor of about 100K ohms paralleled with a 
capacitor of about 200 mmf or less, this combination instead of the 
usual direct connection. 

26 There is strong radiation of fields due to pulse voltages in 
the damper high-side leads. These pulses may be picked up by 
other circuits to cause trouble. 

28 R-f chokes used in series with the cathode or plate of the 
damper, or in both places, may have inductances anywhere from 
0.5 to 10.0 microhenrys. A number of them are of the self- 
resonant type, with internal distributed capacitance causing 
resonance somewhere close to 60 mc. 

29 The low-side element of the damper, either the cathode or 
plate, must be bypassed to ground or else to a B+ line on which 
there is a filter capacitor to ground. With a low-side cathode there 
may be a rather large capacitance to ground located on the 
damper side of a linearity control inductor. A low-side plate 
usually has a direct conductive connection to a B+ line on which 
there is a filter capacitor to ground, but otherwise is provided 
with a bypass capacitor at the damper plate. 

30 Varying the adjustment of a linearity control inductor makes 
large changes in the waveform of voltage at the low side of the 
damper. This may be the waveform of boost voltage applied 
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through the horizontal output transformer to the plate of the 
sweep amplifier, or, depending on circuit connections, the voltage 
waveform at the damper low side may go to the transformer and 
the sweep amplifier plate through a capacitor. In any case the 
waveform caused by linearity adjustment affects the sweep am- 


Fig. 23-16 Adjustment of a linearity control inductor varies the voltage 
waveform applied through the transformer to the plate of the horizontal sweep 
amplifier. 
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plifier and its output to the horizontal deflecting coils, thus 
affecting horizontal linearity. 

At A of Fig. 23-16 is a voltage waveform at the low side of a 
damper in whose circuit is a linearity control inductor set for its 
minimum inductance, with the core all the way out of the coil. At 
B is the waveform with the core about half way into the coil, for 
a medium value of inductance. At C is the waveform resulting 
from maximum control inductance, with the core all the way into 
the coil. 

33 Drive voltage at the grid of the horizontal sweep amplifier 
is a direct control for width, when the drive may be varied. Too 
little drive voltage usually tends to compress the sides of pictures 
more than the center, making the entire picture narrower but 
noticeably cramped only at the sides. 

35-36 Increasing a negative peaking resistance in series with 
a sawtooth capacitor adds to the peak-to-peak drive voltage by 
adding a negative peak, but it does not greatly alter the amplitude 
of the sawtooth portion of the wave. The negative peak tends to 
increase picture tube anode voltage, and, within limits, the greater 
the negative peaking resistance the greater will be the anode 
voltage. Either too much or too little negative peaking may make 
horizontal sync critical or difficult to hold unless the hold control 
has a wide range. 


Fig. 23-17 Voltage waveform at the low side of horizontal yoke coils not 
connected to the lowest point on the output transformer. 


It should be noted that a capacitance voltage divider type of 
drive control, with an adjustable capacitor from amplifier grid to 
ground, makes large changes in amplitude of the sawtooth portion 
of the drive waveform, but does not alter the shape of this portion 
of the wave. 

35 Too much peaking resistance and an excessively deep nega- 
tive peak tend to cause ringing or continued oscillation in the 
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transformer and yoke circuits. This result is alternate light and 
dark vertical bands in pictures or a raster. A faulty bypass 
capacitor on all or part of the peaking resistance is likely to cause 
excessive ringing. 

36 Too little negative peaking resistance may allow a vertical 
bright line toward the left, which is a variety of fold, or may allow 
a wider fold toward the center of pictures. A vertical bright line 
which cannot be removed by adjustment of a capacitance-divider 
drive control (capacitor to ground) often may be removed by 
slightly more negative-peaking resistance. This is a means for 
maintaining satisfactory anode voltage on the picture tube where 
this voltage would be dropped by adjustment of a capacitance- 
divider drive control in an effort to prevent a vertical bright 
line. 


HORIZONTAL YOKE COILS 


Voltage waveforms at the high side of horizontal yoke coils 
are very nearly the same as at the high-side elements of dampers 
in the same receivers. These forms are shown by Figs. 23-8 and 
23-9. 


Fig. 23-18 Voltage waveform at the low side of a yoke on which there is 
large capacitance to ground. 


Where the low side of horizontal yoke coils is connected to a 
relatively high-voltage tap on the output transformer, usually 
above a width control inductor as in Fig. 23-2, there will be strong 
voltage peaks at the low side of the yoke. Such peaks are shown 
by Fig. 23-17. These particular traces, measuring 1,900 volts, were 
taken from a receiver having an autotransformer for horizontal 
output rather than an insulated secondary as in Fig. 23-2. Traces 
from any yoke so connected should be observed only with a high- 
voltage capacitor-type probe. 

Where a capacitor of large capacitance is connected from the 
low side of horizontal yoke coils to B+ or ground the voltage 
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pulses are dissipated or absorbed in the capacitance. Then a trace 
from the low side of the yoke appears as in Fig. 23-18. This is the 
general waveform characteristic of any point at which a pulsed 
or sawtooth voltage connects to a large capacitance going to B+ 
or ground. Compare with A of Fig. 23-15. 


Yoke Inductance 


The required relation between inductance of horizontal coils 
in the yoke and inductance of transformer turns across which 
the yoke is connected is affected by whether or not there is direct 
current in the yoke coils. There is direct current when both ends 
of the yoke coils are conductively connected to the transformer. 
There is no direct current when a fixed capacitor is in series with 
the yoke coils, on either end. 
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Fig. 23-19 Some capacitor-resistor networks used with horizontal yoke coils. 


When there is no direct current in the yoke its inductance 
generally is from about 14 per cent to as much as 20 per cent of 
the transformer winding inductance across which the yoke is 
connected. 

Where there is no direct current in the yoke its inductance 
usually is somewhere between about 18 per cent and 25 per cent 
of the transformer inductance across which the yoke is connected. 
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These are merely approximate relations, but they help when 
checking for trouble where an original yoke has been replaced 
with one whose inductance may be far from correct. 


Capacitor-Resistor Networks on Yokes 


In all early receivers and in many current models the high 
side horizontal coil in the yoke is paralleled with a small capacitor 
as at a of Fig. 23-19 or with a capacitor and resistor in series as at 
b. A great many later receivers may have an additional capacitor 
across the low-side coil, at c, or capacitors at both a and c. : 

Sometimes there may be a single capacitor across both yoke 
coils, as at d, or there may be a capacitor, at e, from the high side 
of the coils to ground. Capacitors d and e may show on service 
diagrams as connected to transformer taps. 

The values of capacitors shown by Fig. 23-19 may be and often 
- are quite critical, possibly with 5 per cent tolerance or with 10 
per cent at most. The purpose of these capacitors and any 
associated resistors is, in general, to prevent high-frequency 
oscillation in yoke and transformer elements and to help damp 
lower frequency oscillation which would be called ringing. 

Even were two or more receivers to have transformer windings 
and yoke coils of equal or nearly equal inductances, the damping 
requirements introduced by other circuit components might call 
for different paralleled capacitors. Accordingly there are no 
general rules for capacitance values; replacements should be with 
exactly the same types as originally used. 


D-C Centering 


One method of centering by variation of direct current in 
horizontal yoke coils was illustrated in Fig. 23-7. In Fig. 23-20 
is shown another method which has been widely used in con- 
nections with insulated-secondary output transformers. 

Paths of d-e electron flow are shown by arrows on Fig. 23-20. 
The flow passes from ground to the cathode of the horizontal 
sweep amplifier, through this tube to its plate, thence through the 
transformer primary and linearity control inductor, if such a 
control is present, and goes to the cathode of the damper. 

All plate current from the sweep amplifier goes through the 
damper and from the damper plate to the junction of the hori- 
zontal yoke and the secondary of the transformer. Here the cur- 
rent divides as shown by broken line arrows. Part goes through 
the transformer secondary and the remainder through the yoke 
coils and an adjustable resistor, the centering control, in series 
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Table 23-3 e 
HORIZONTAL DEFLECTION | 2% 
Yoke Coils Se 

Ee 


YOKE COILS, HORIZONTAL 

38 Inductance wrong value 
Connections 

39 Leads too long 

40 High-resistance joints 

41 Leads interchanged 

42 To wrong taps on output 
transformer 

43 Center tap to transformer open 


Capacitor, Low Side to B+ 
Or To Ground 


44 Open 


48 Open, too small 


51 Too much or too little . 
capacitance 
Capacitor Across Both Coils 
52 Open, too small 
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54 Too much or too little 
capacitance 
Internal Faults 

55 Open circuit 

56 One coil shorted, open 


57 Grounded to core 


Yoke Circuit 
59 Open 


60 Grounded 
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with the yoke. Currents from yoke and transformer then combine 
and go to B+. 

How much or how little direct current flows in the yoke coils 
depends on adjustment of the centering control. More resistance 
and less yoke current shifts pictures toward one side, while less 
resistance and more yoke current shifts pictures toward the 
opposite side. Centering control resistors often are of about 500 
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Fig. 23-20 A centering control that varies the amount of direct current 
flowing in horizontal yoke coils. 

ohms. The capacitor across the control may be as small as 0.25 mf 
or even smaller, or it may be several hundred microfarads in an 
electrolytic unit. 


Faults and Symptoms 


Table 23-3 lists faults which commonly occur in the horizontal 
yoke coils and in their connected components and circuits. The 
following explanatory paragraphs are numbered to correspond 
with numbered faults in the table. 

38 So far as the effect on picture tube anode voltage is con- 
cerned there usually may be considerable variation in yoke in- 
ductance without seriously lowering this voltage. In many designs 
it is possible for yoke inductance to vary 30 per cent or more 
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from the optimum value with a drop of less than 10 per cent in 
anode voltage. 
39 Excessively long leads to the horizontal yoke coils, especially 
to the high-side coil, not only allow radiation of pulse voltages or 
fields into other circuits but also cause much loss of picture tube 
anode voltage. The voltage loss may be as much as 15 per cent. 
40 With high resistance anywhere in the horizontal yoke circuit 
the drop of picture tube anode voltage and the decrease in 
picture width usually are proportional or nearly so. 
41 When leads to the horizontal yoke coils are interchanged or 
reversed anywhere from chassis to yoke the pictures will be 
reversed between left and right but still will be right side up 
unless leads to the vertical coils are interchanged at the same 
time. | 
When the same yoke is used either with an output autotrans- 
former or with an insulated-secondary transformer the yoke leads 
must be reversed to avoid reversal of pictures. This, in effect, will 
shift damping capacitors and resistors between the high and low 
sides of the yoke. To prevent excessive ringing it is necessary to 
remove a damping capacitor or capacitor-resistor combination 
from one of the yoke coils and to connect it across the other coil. 
Failure to change the damping elements may cause the ap- 
pearance of small horizontal waves over the entire viewing screen 
of the picture tube. 
43 A connection from between the horizontal yoke coils to a 
tap on the transformer (Fig. 23-5) helps reduce the effects of dis- 
tributed capacitance and in many receivers allows having no ca- 
pacitor or capacitor-resistor combination across either yoke coil. 
44-47 A capacitor which is in series with the horizontal yoke 
coils and which prevents direct current from flowing in the yoke 
must be capable of carrying the alternating or sawtooth current 
between the yoke and transformer. It is this capacitor that 
completes what may be called the deflecting circuit. 
53 Too much capacitance almost anywhere in the circuit formed 
by transformer and yoke windings tends to slow the retrace time 
between successive horizontal picture lines. This is likely to cause 
shadowy folding of the kind that moves sideways across pictures 
when the horizontal hold control is adjusted. 
59 An open circuit between the horizontal output transformer 
and yoke coils may, in some cases, allow very strong oscillation in 
the transformer. This oscillation may so increase the alternating 
voltage on the filament of the high-voltage rectifier as to burn out 
the filament. 
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Probes for Oscilloscopes 


A typical set of commercial probes for use-with service scopes 
is illustrated in Fig. 23-21. Note that each probe can be con- 
nected, as desired, to a common cable. | 

The low-capacitance probe is used to minimize circuit loading. 
It gives an impedance step-up of 10 times, and reduces the signal 
voltage to 1/10 of its original value. The maximum input voltage 
is 600 peak-to-peak volts. | 

The high-voltage capacitance-divider probe is used to trouble- 
shoot higher voltage circuits in the deflection system. Voltages up 
to 10,000 peak volts can be tested. The probe reduces the signal 
voltage to 1/100 of its original value, and thereby prevents over- 
load and damage to the scope input circuit. 

The demodulator probe shown, is used primarily in i-f, inter- 
carrier, and r-f circuit tests. 


Fig. 23-21 Low-capacitance, high-voltage capacitance-divider, and demodu- 
lator probes. 


Section 24 


BOOSTED B-VOLTAGE 


BOOSTED B-voltage is obtained from rectification in the damper 
tube of strong voltage pulses produced in the horizontal output 
transformer and yoke circuits. The rectified voltage is filtered 
and smoothed by inductance in part of the transformer winding 
and by capacitors and resistors connected to the low side of this 
winding and/or in the low side of the damper circuit. 

Since the low side of the damper always is connected more or 
less directly to a B+ line, voltage from rectification of pulses by 
the damper adds to the regular B+ voltage to form the boosted 
B-voltage or boost voltage. 

The additional boost voltage in earlier receivers often was as 
little as 50 volts, but in recent designs it may be 300 or more 
volts. As a result, it is possible to have a low-voltage B-supply 
furnishing somewhere around 250 volts, and in some cases less 
than 150 volts, while having from the damper circuit a total 
boosted B-voltage of from 400 to, more than 500 volts available 
for circuits and sections requiring higher voltage than that from 
the low-voltage B-supply. 

Fig. 24-1 shows by heavy lines the parts in which there always 
is boosted B-voltage and paths in which there may be such volt- 
age. The diagram applies to a receiver having an output auto- 
transformer. Boosted B-voltage is assumed to originate at the 
cathode of the damper tube, just as ordinary B-voltage is assumed 
to originate at the cathode or filament of a power rectifier in the 
low-voltage B-supply. 

Boosted B-voltage always is applied through part of the output 
transformer winding to the plate of the horizontal sweep am- 
plifier. This is the d-c plate voltage for the amplifier. It might 
be asked how the amplifier can act to produce strong voltage 
pulses to be rectified and do so before boosted B-voltage is de- 
veloped in the damper circuit for application to the amplifier 
plate. The answer is that regular B+ voltage acts through the 
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heated damper tube and reaches the plate of the sweep amplifier 
to begin the action. 

Boosted B-voltage acting through the transformer winding is 
filtered by combined action of capacitors Ca and Cb and by resis- 
tor Ra of Fig. 24-1. Filtered boosted B-voltage nearly always is ap- 
plied to the second grid (base pin 10) of the picture tube, and in 
many receivers is applied to the vertical oscillator and vertical 
output amplifier. Less common uses for boosted B-voltage include 
horizontal oscillator,age keyer tube,sound demodulator, and others. 

Failure or excessive drop in boosted B-voltage will prevent or 
impair to a greater or less extent the performance of all circuits 
and sections operated from this voltage. 
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Fig. 24-1 Boosted B-voltage goes to various sections and subsections through 
conductors shown by heavy lines. 


BOOSTED B-VOLTAGE 


Table 24-1 


BOOSTED B-VOLTAGE 


FILTER FOR BOOST VOLTAGE 


Capacitor, Transformer To B+ 
Or Ground (Ca of Fig. 24-1) 


1 Open, too small 
Filter Resistor (Ra) 
4 Open 


6 Too small, shorted 


Capacitor, Filter Output ( Cb) 
7 Open, too small 


9 Shorted 


FUSE FROM B+ LINE 
10 Blown 
BOOST VOLTAGE LOW OR ZERO 


TO THESE CIRCUITS 
11 Picture tube 2nd grid 


12 Vertical amplifier and/or 
oscillator 


13 Horizontal oscillator 


14 Age keyer tube 


bad 


Unfiltered boosted B-voltage at the junction of capacitor Ca 
and resistor Ra in Fig. 24-1 commonly has such waveforms as in 


Fig. 24-2. 


Faults and Symptoms 


Common faults in the boosted B-voltage circuit, together with 
accompanying picture symptoms, are listed in Table 24-1. Here 
are listed also the symptoms due to failure of boosted B-voltage 
applied to other circuits and sections. Explanatory paragraphs 
which follow are numbered to correspond with numbered faults 


in the table. 


456 PIN-POINT COLOR-TV TROUBLES 


1 When a capacitor in this position is open or too small in value 
there may be transformer circuit oscillation producing voltages 
high enough to puncture the insulation of wiring. Peak-to-peak 
values of 20 to 25 kilovolts have been observed. The oscillation 
may raise anode voltage to produce a very bright viewing screen 
with no pictures visible. 

2 The most noticeable symptom of moderate leakage in this 


Fig. 24-2 Waveforms of boosted B-voltage before it is filtered. 


capacitor may be lack of brightness, with the other listed sym- 
toms becoming more evident when leakage resistance drops to 
only a few thousand ohms. 

7-9 An electrolytic capacitor of 5 mf or more nearly always 
is on the boosted B-voltage supply line just beyond the filter 
resistor. Failure of this capacitor allows pulses at the horizontal 
line frequency to pass into all sections or tubes operated with 
boosted B-voltage. This frequency, acting on picture tube anode 
voltage and brightness, causes a bright or dark area toward one 
side of pictures and an area of opposite tone on the other side. 
10 This fuse, whose electrical position is shown at A in Fig. 
23-11, carries all plate current for the horizontal sweep amplifier 
and usually screen current for this amplifier. Various faults in the 
amplifier tube itself or in its circuits may allow the tube to draw 
excessive current. This current could burn out the transformer 
windings were it not cut off by blowing of the fuse. 
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In the event of a blown fuse a new sweep amplifier should be 
substituted, at least temporarily, for the original one. Then the 
fuse may be replaced and power turned on while watching the 
amplifier for evidences of overheating, such as reddening of its 
plate. Overheating of amplifier or blowing of new fuse is proof 
of excessive current, usually the result of too little negative bias 
on the amplifier grid or too little positive voltage at its cathode, 
or possibly due to shorting of the screen voltage dropping resistor. 

A safer procedure is to remove the fuse and connect in its 
place a d-c current meter on a range of 500 or more milliamperes. 
If, upon applying power, the current rises above 100 milli- 
amperes it is almost certain proof of trouble in the amplifier 
tube, or in its grid, screen or cathode circuits. Of course, it is 
possible but not likely that the fuse has blown because of faults 
and excessive current in some of the circuits supplied with 
boosted B-voltage, such as the circuits in Fig. 24-1. 

11-14 Boosted B-voltage will rise and fall as sweep amplifier 
grid drive voltage is increased and decreased. 


High and Low B Boost Systems 


You will observe that much lower B boost voltages are used 
in receivers which have small-necked picture tubes, such as 
Philco receivers. Picture tubes with small-diameter necks are 
easier to sweep than tubes with larger necks. Only % of the 
deflection power is required. Hence, lower B boost voltages are 
found in such receivers. Roughly, about one-half the usual boost 
voltage is used. 


Hints in Troubleshooting B Boost Circuits 


Since the B boost voltage is often used to provide suitable plate 
voltage to the horizontal oscillator tube, a puzzling situation is 
sometimes met. Failure of drive to the horizontal output tube, in 
such case, can be caused by a fault in the B boost circuit—it can 
also be caused by a fault in the horizontal oscillator circuit. 

Hence, suitable tests must be used to localize the fault. Several 
types of tests are possible: 

1. An external source of normal B boost voltage can be used. 
This can be obtained from another receiver, or from a bench 
power supply. The B boost bus is opened, the bus is powered 
from the external voltage source. If the local oscillator starts 
operating, we know that the trouble is in the B boost circuit. 
On the other hand, if the oscillator does not start, we know 
that the trouble is in the oscillator circuit. 
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. An external source of drive voltage can be used, to drive 


the horizontal output tube. An instrument such as a Tele- 
vision Analyst is suitable for this purpose. Normal drive is 
applied from the instrument. A raster then appears on the 
picture-tube screen. If normal B boost voltage is developed, 
we know that the trouble is in the horizontal oscillator cir- 
cuit. However, if normal B boost voltage is not measured, 
we then know that the trouble is in the B boost circuit. 


. External drive voltage from the horizontal deflection plates 


of an oscilloscope can be used to drive the horizontal output 
tube, instead of using a special instrument. The scope is 
operated at 15,750 cycle sweep, and the voltage output is 
determined by the setting of the horizontal gain control. 
Otherwise, the localization is made as in (2). 


. External drive voltage can also be obtained from another TV 


receiver. Test leads are used to apply the voltage to the re- 
ceiver under test. If subnormal drive is obtained, because of 
loading, disconnect the grid lead from the horizontal output 
tube, and apply the drive voltage directly to the grid. 


Section 25 


HIGH VOLTAGE SECTION 
(Black and White Receivers) 


HIGH voltage for the black-and-white picture-tube anode is 
secured by adding only a rectifier tube and an extension of the 
output transformer winding to those parts of the receiver which 
would be there were no high voltage needed. The high-voltage 
section is simple in itself, but obtaining satisfactory anode voltage 
for the picture tube depends also on correct performance and 
condition of practically everything from the horizontal sweep 
oscillator to and including the yoke coils. 

Fig. 25-1 shows the parts to be considered as the high-voltage 
section and those most closely associated. Voltage pulses which 
are strong at the plate of the horizontal sweep amplifier are made 
much stronger by autotransformer action in the extension of 
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Fig. 25-1 The high-voltage section and closely related circuits. 
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the winding from amplifier plate to rectifier plate. The rectified 
and filtered d-c voltage for the picture tube anode has a potential 
to ground of approximately the same value as the peak voltage 
on the rectifier plate. 

There may or may not be a resistor at Ra, in series with the 
rectifier filament. There may or may not be a resistor at Rf, in 
series to the picture tube anode. And there may or may not be 
a filter capacitor at Cf. This capacitor, when used, nearly always 
is of 500 mmf and is rated at 10,000 to 30,000 volts. 


Fig. 25-2 High-voltage pulses. (A) at the sweep amplifier plate. (B) at the 
rectifier plate. 


The internal and external conductive coatings of glass picture 
tubes, with the glass as dielectric between the coatings, act as a 
filter capacitor for the anode voltage. Capacitance is not uniform 
from tube to tube, even of the same type, but always is at least 
000 mmf and often is as great as 1,500 mmf or possibly 2,000 mmf. 
These values are found in glass picture tubes of nominal sizes 
from 17 to 24 inches. 
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When a resistor Ra is in series with the rectifier filament the 
resistance value may be anything from less than one ohm to as 
much as 5.6 ohms, depending on transformer construction and 
operating voltage or pulse voltages. 

Resistor Rf is omitted in most receivers of recent design. When 
used the value may be anything from about 1,000 ohms to 2 
megohms. 

There is no direct relation between inductance and resistance 
of the windings. D-c resistance from amplifier plate to rectifier 
plate quite commonly is between 250 and 330 ohms, but may 
range from 150 to 600 ohms or even more. Resistance from am- 


Fig. 25-3 WHigh-voltage pulses (A) at a sweep amplifier plate and (B) at the 
rectifier plate. 
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plifier plate to the damper or yoke tap is commonly between 10> 
and 22 ohms and occasionally as great as 30 ohms. 

At A of Fig. 25-2 are pulses observed at the horizontal sweep 
amplifier plate and at B are pulses at the high-voltage rectifier 
plate in the same receiver. Peak-to-peak values are, respectively, 
about 4,000 volts and 13,000 volts. Such peaks may be observed 
with a capacitor probe capable of withstanding very high 
voltages. 

Fig. 25-3 shows high-voltage pulses from another receiver, at A 
from the sweep amplifier plate and at B from the high-voltage 
rectifier plate. Note that in any case the waveform at the rectifier 
plate is similar in general to that at the amplifier plate. 


Measuring Anode Voltage 


D-c voltage for the picture tube anode, checked anywhere from 
the filament of the high-voltage rectifier to the anode terminal 
on the picture tube, may be measured satisfactorily and safely 
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Fig. 25-4 A probe for detecting presence or absence of high-voltage pulses. 


only with a vacuum tube voltmeter fitted with a probe especially 
designed for such measurements. Methods of using such probes 
are explained in the instructions accompanying all instruments 
and will not be described here. 

Presence or absence of the high voltage pulses which are the 
original source of d-c voltage for the picture tube anode is easily 
detected and traced with a small neon lamp. A %; watt lamp is 
suitable. The type NE-2 lamp is good because it has extended 
wire leads instead of a base. 

The NE-2 lamp may be held as shown by Fig. 25-4 on the end 
of a 34,-inch diameter rod of fibre or plastic which is 8 to 10 inches 
long. Lay the lamp leads along the rod and hold them with a short 
length of snug fitting spaghetti (insulating tubing). 

The neon gas within the bulb will glow red when the lamp is 
held in any high-voltage alternating field. When high-voltage 
pulses are present the lamp should glow at the high side of the 
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damper, at the plate cap of the horizontal sweep amplifier, and at 
the cap of the high-voltage rectifier, also anywhere along the 
leads connected to these points unless the leads come close to 
chassis metal. There should be a glow also anywhere around the 
high-voltage portion of the transformer winding. There will be 
no glow at the socket for the high-voltage rectifier, none along 
the cable to the picture tube anode and none at the anode ter- 
minal. There should be only d-c voltage at these points. 

The stronger the voltage pulses the brighter will be the glow 
in the lamp, and the closer the lamp is held to conductors carrying 
pulses the brighter will be the glow. Faults exist where there 
should be a glow but actually is none. 

It is rather common practice to check for high d-c voltage 
at the picture tube anode by holding the cable connector about a 
quarter inch from the picture tube terminal, taking good care to 
hold only the cable insulation and to do this only with extra 
insulation around the cable. Bright, snappy sparks indicate high 
d-c voltage. 

Spark tests should not be made when any other method is 
possible with equipment at hand. Jumping a spark more than a 
very short distance places abnormal stresses on parts of the high- 
voltage section. Even a weak anode voltage will jump a short 
distance, so there is little to gain by this method. Spark tests 
at the sweep amplifier plate, the high-voltage rectifier plate, or at 
the damper high side are more than likely to cause breakdown 
in the horizontal output transformer windings. | 


Testing Without A Picture Tube 


Measuring high voltage from the filament side of the high- 
voltage rectifier with no picture tube connected will give mis- 
leading high voltage readings because there is no load on the 
rectifier output. 

High-voltage performance may be checked and measured with- 
out a picture tube by substituting a resistance load. Connect in 
series with one another a number of %-watt or 1-watt fixed 
resistors of not more than 12 megohms each. Make up a total 
resistance which will allow 100 microamperes of current at the 
anode voltage specified for the receiver. Required megohms of 
resistance may be found from dividing the specified anode volts 
by 100. For example, where the specified voltage is 11,000 use 110 
megohms of fixed resistance. 

Connect the string of resistors from the filament lug on the 
socket of the high-voltage rectifier to ground. Connect also from 
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this point to ground a standard 20,000- or 30,000-volt capacitor of 
500 mmf, because there will be no picture tube coating capaci- 
tance in the circuit. Meaure the d-c voltage at the filament 
connection of the high-voltage rectifier, using a VIVM and 
high-voltage probe in the usual way. The scheme of connections 
is illustrated by Fig. 25-5. 

This method places what amounts to a normal full load or 
nearly a maximum load on the high-voltage system. Unless the 
specified anode voltage is for full load conditions the measured 
voltage will be as much as 20 per cent below that specified, with 
the high-voltage system in good order. 


Faults And Symptoms 


Table 25-1 lists faults in the high-voltage parts and circuits 
shown by Fig. 25-1 and gives symptoms usually associated with 
the faults. 

A high-voltage rectifier whose filament-cathode coating has 
been damaged by overheating usually will allow d-c anode 
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voltage of something like 1,000 volts, but not normal anode 
voltage. 

When the filament of a high-voltage rectifier has burned out, 
try to locate the cause before replacing the tube. It may be 
possible to slightly loosen or spread the turns of filament winding 
on the transformer core as a preliminary precaution, to place the 
turns in a weaker field and reduce filament voltage. A greater 
resistance might be used in series with the filament winding. 
High-voltage rectifiers work well when filament glow is barely 
visible in normal room lighting. 


To VTVM 
Rectifier 


RY High Voltage 
Probe 
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Fig. 25-5 Measuring high voltage from the rectifier when no picture tube 
is connected. 

With a glass picture tube the outer conductive coating, if 
present, usually provides ample filter capacitance, especially 
when there is no resistor or one of only a few thousand ohms 
in the line from rectifier to picture tube anode terminal. In this 
case an open filter capacitor (the 500 mmf unit) drops anode 
voltage very little. 

If the external conductive coating on a picture tube has been 
flaked off or is coated with a non-conductive film where the 
ground contact is located a repair may be made. Clean the bared 
glass with a damp cloth and dry it thoroughly. Then apply a 
coating liquid prepared for the purpose. Sometimes enough 
coating may be applied from a very soft lead pencil. 


ANODE VOLTAGE LOW OR ZERO 


In many of the tables relating to faults in sweep and deflection 
sections one of the symptom headings is “Anode Voltage Low Or 
Zero.” While lack of anode voltage is a symptom of various faults 
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it is also a fault in itself and may be the cause of several picture 
symptoms. 

Table 25-2 is a summary of most of the faults which, in sweep 
and deflection sections, may result in picture tube anode voltage 
being too low or zero. At the top of this table are listed the picture 


Table 25-2 Smee 
PICTURE TUBE — cooue 
ooming ocus Poor 
ANODE VOLTAGE Brightness Lacking Size Excessive 
Low or Zero Dark, No Raster 


SWEEP AMPLIFIER Tube 
AND CIRCUIT 11 Weak 


12 Screen voltage too low 


13 Plate to wrong terminal on transformer 


Peak-to-peak Drive Voltage 


14 Misadjusted, too much capacitance to 
ground 


15 Misadjusted, too little series capacitance 
16 Capacitor to ground leaky, shorted 
17 Resistor to ground shorted 


18 Negative peaking resistor small, shorted 


HORIZONTAL 
OUTPUT 
TRANSFORMER 


19 Capacitor-resistor network, any faults 
20 Capacitor across turns, too great 

21 Wrong transformer for yoke or amplifier 
22 Core gap excessive 


23 Internal open or shorted turns 


WIDTH CONTROL 
INDUCTOR 


24 Misadjusted, too little inductance 
25 Wrong type, too little inductance 


26 Connected across too many transformer 
turns 


27 Shunt capacitor too great 


DAMPER AND 
CIRCUIT 


28 Tube weak, gassy 

29 Plate voltage too low 

30 Cathode-heater leakage 

31 High-resistance connections 

32 Plate bypass capacitor open, too small 
33 Heater winding excess capacitance 


YOKE COILS 
HORIZONTAL 


Capacitor-resistor Network Faults 
34 Capacitor across one or both coils too great 


35 Capacitor to B+ or ground leaky, too small 


(Continued on following page) 
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Table 25-2—cont'’d 


PICTUER TUBE 
ANODE VOLTAGE 


Low Or Zero 


Symptoms 


Blooming Focus Poor 
Brightness Lacking Size Excessive 
Dark, No Raster 


YOKE COILS 
HORIZONTAL 


Connections 
36 High-resistance joints 


37 Lead too long 
38 Connected to wrong tap on transformer 
39 Center tap to transformer open 


Internal Faults 
40 Inductance wrong value for transformer 


41 Internal open circuit 
42 Ground to core 


Core gap excessive 


HIGH-VOLTAGE 
SECTION 


Rectifier 
44 Filament open 


45 Weak emission 


Capacitor to Ground or Damper Plate 
46 Open, disconnected 


47 Leaky, shorted 


48 To ground instead of damper plate with 
insulated secondary transformer 


Resistor to Anode 
49 Open, defective 


CORONA, ARCING 50 Anywhere from rectifier socket to picture 
tube anode terminal 


symptoms which usually accompany lack of sufficient anode volt- 
age. These symptoms include blooming, lack of brightness, a 
dark viewing screen, lack of sharp focus, and pictures of excessive 
size. 

Pictures may bloom or spread in all directions when the 
brightness control is advanced while anode voltage is too low. 
The voltage between cathode and viewing screen is not enough 
to make the electron beam “‘stiff’? and the electrons are deflected 
too far up, down and sideways. 

Low anode voltage reduces brightness because electrons do not 
strike the viewing screen with enough velocity and energy to 
properly excite the phosphor. 
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With anode voltage very low or absent there is little or no 
excitation of the phosphor, and the viewing screen remains dark 
under all conditions. There will be no raster. 

Poor focus results from low anode voltage because the slowly 
traveling electrons become diffused before reaching the viewing 
screen. 

Picture size may be excessive for the same reason that Bigot 
ing occurs, but the trouble is less pronounced. 

Keep in mind that there is a direct relation between anode 
voltage and drive voltage, also between anode voltage and peak 
values of voltages at the damper high side, the sweep amplifier 
plate, and the plate of the high-voltage rectifier. 

The opposites of some of the faults listed in table 25-2 provide 
means for increasing the anode voltage when this is desirable. For 
example, if insufficient drive voltage at the sweep amplifier drops 
anode voltage, increase the drive. If low screen voltage on the 
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Fig. 25-6 Within the blocks are names of instruments or parts used for 
tracing the cause of insufficient anode voltage. 


sweep amplifier lowers the anode voltage, use less dropping 
resistance to the amplifier screen. In this latter case be sure to 
check amplifier cathode current to see that it does not exceed the 
rating for the tube. 

Tracing for the location of a fault causing insufficient anode 
voltage may begin at the picture tube anode terminal and follow 
back to the grid of the horizontal sweep amplifier, or begin at the 
amplifier grid and proceed to the picture tube anode terminal. 
Checks may be made in either direction with methods shown by 
Fig. 25-6. At the grid of the horizontal sweep amplifier use an os- 
cilloscope to observe the waveform and the peak- to-peak value of 
the drive voltage. 
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Use the neon lamp of Fig. 25-4 to check for presence or absence 
of high-voltage pulses at the plate of the horizontal sweep ampli- 
fier, around the windings of the horizontal output transformer, 
and at the plate cap of the high-voltage rectifier. 

Use the vacuum tube voltmeter with a high-voltage probe for 
measurement of anode voltage at any point from the rectifier 
socket to the picture tube anode terminal. 

Any of three forms of electrical discharge (corona, sparking or 
arcing) are symptoms of various faults in the high-voltage section 
or in the horizontal output transformer. At the same time any of 
these discharges are the causes for various symptoms at the 
picture tube viewing screen. 


Symptoms 


Table 25-3 
CORONA OR ARCING 


Anode Voltage Low Snow In Pictures 
Dark, No Raster Speckling 
Flashes Sync Critical 
Jumpy Pictures Tear Out 


HIGH-VOLTAGE 
SECTION 


Connections and Joints 
44 Sharp points protruding 


45 Wire strands protruding 
46 Too close to other metal 


47 High-resistance joints, from rectifier socket 
to picture tube 


Filter Capacitor 
48 Leaky or defective 


Insulation Faulty 
49 Cable to picture tube anode terminal 


50 Rectifier filament winding turns 


Rectifier Socket 
51 Poor soldering to lugs 


52 Tube pin contacts faulty 

53 Socket of low dielectric strength 
High-voltage Cage 

54 Grommets lacking around wires 

55 Dirt and dust excessive 


Anode Voltage too High 
56 Sawtooth peaking resistor too great 


57 Yoke connections faulty 


HORIZONTAL 58 Defective insulation on windings 
‘i 
SP LEER RMER 59 Core grounded when should be insulated 


PICTURE TUBE, 60 Metal support not grounded 
METAL TYPE 61 Dirt on glass between shell and yoke 
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CORONA OR ARCING 


Table 25-3 lists, at the top, the picture symptoms which may 
accompany electrical discharges, and down below lists the faults 
most often responsible for the discharges. 

The corona is an electrical discharge evidenced on positive 
conductors by a continual bluish-white glow, and on negative 
conductors by reddish tufts at the conductor surface. There will 
be strong odor of ozone when corona occurs, and often a slight 
hissing sound. A corona discharge may change intermittently to 
sparking, which causes snapping sounds. An arc is a steady dis- 
charge causing a bright yellow-red glow and a sizzling sound. An 
arc carries enough current to cause burnouts in the apparatus. 

Sparking and arcing are easily seen on normal room light. 
Corona is best observed where suspected parts are in the dark 
or well shaded from all surrounding light. Listening for the 
sounds mentioned in the preceding paragraph sometimes helps 
to locate the point at fault. 

Causes and remedies for corona, sparking and arcing are much 
the same, for either kind of discharge may change to one of the 
others intermittently. Oftentimes there will be sparking before a 
corona occurs, especially where conductors are close together. 

Remedies for most faults which allow electrical discharges are 
evident from the faults themselves. For example, sharp points 
should be smoothed, a cable with defective insulation should be 
replaced or covered with high-voltage tubing, and so on. 

Additional insulation may be applied in various ways such as: 
(1) A plastic coating, sprayed on to form several coats, with 
each one dry before the next. (2) High-voltage insulating tubing, 
a variety of spaghetti. (3) Electrical plastic tape, in one or more 
layers. (4) High-temperature wax, melted and applied. 

The following numbered notes refer to faults correspondingly 
numbered in Table 25-3. 

44-46 Clearance between bare conductors and adjacent metal 
of any kind should be at least one inch for each 10,000 volts of 
anode potential. 

44 Sharp points most often exist on solder joints at the high- 
voltage rectifier socket. Such solder may be drawn off with a 
hot iron to make way for a smooth, well-rounded joint. 

45 Loose wire strands must be removed, melting away the 
solder if necessary and then making a new joint. 

46 If neither the high-voltage conductor nor adjacent metal can 
be moved, apply insulation as described earlier. 
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47 Solder joints may be loose or corroded. If a cold-solder joint 
is suspected, heat it well while applying a very little additional 
flux-cored solder. Spliced high-voltage leads should not be toler- 
ated; the cable should be replaced with a continuous run. 

48 High-voltage filter capacitors cannot be satisfactorily checked 
for leakage with an ordinary capacitor tester; not enough voltage 
can be applied. The test is to temporarily substitute a new 
capacitor. 

49 Insulation sometimes hardens and cracks on very old cables. 
These cables are not difficult to replace, even for the rectifier fila- 
ment winding. Use only high-voltage cable designed for this use. 
51. Solder joints on high-voltage conductors must be smooth and 
rounded. Faulty joints should be resoldered until of good shape. 
56 When the trouble exists between windings of the horizontal 
output transformer, or between windings and core, and when it 
is not desired to replace the transformer, the anode voltage may 
be reduced by lessening the drive voltage. As a rule the pictures 
still will be quite satisfactory with anode voltage 10 to 20 per cent 
lower than recommended for the receiver. 

59 Metal supports around the insulation at the face-plate end 
of metal picture tubes tends to collect a static charge that escapes 
as a corona or as occasional slight sparks. Such metal usually is 
grounded to the chassis through a fixed resistor of about % 
megohm. The resistor may be bypassed with a capacitor of a few 
hundred mmf. 

60 There is a high potential difference between the metal shell 
of a picture tube and the coils in the yoke, across the glass at the 
rear of the shell. In case of persistent trouble, after cleaning the 
glass, the yoke coils may be protected with electrical tape. 


Hints on Troubleshooting the High Voltage Section 


In some cases, the technician is aided by applying an external 
source of high voltage to the receiver under test. A source of 
high voltage for test can be obtained from another TV receiver. 
Test leads are used to apply the high voltage. 

When external high voltage is applied in this manner, we can 
observe whether or not a raster appears. If a raster appears, we 
know that the horizontal deflection circuit is operating, and that 
the trouble is in the high-voltage section. On the other hand, if 
a raster does not appear, we know that the basic trouble is in the 
sweep circuits, or the horizontal oscillator section. 

The external voltage can be applied first to the picture tube 
directly, with the high-voltage lead disconnected. If a raster ap- 
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pears, the external voltage can then be applied at the input of 
the high-voltage filter, to see if there is a short, leak, or open in 
this circuit, which is causing the trouble. 


Caution: Turn the brightness control to a low position when starting 
this type of test. If you apply high voltage to the picture tube, and the 


sweep circuits are not working, you can burn a horizontal line in the 


picture-tube screen. If a raster appears, you can advance the setting of 

the brightness control for normal operation. 
. Experienced technicians know, too, that the coatings on a pic- 
tube tube can hold a charge for a long time. You should make a 
habit always of grounding the second-anode connector, to dis- 
charge the picture tube, before touching any part of the high- 
voltage circuits. This is particularly important in the case of 
color-TV receivers, because the voltage is 20,000 to 25,000 volts, 
and can give a very heavy shock. _ 


Section 26 


VERTICAL DEFLECTION 


VARIOUS circuit connections found with vertical output trans- 
formers and verticals coils in the deflecting yoke are illustrated 
by Figs. 26-1, 26-2, and 26-3. It cannot be said that any one of the 
circuit connections is much more typical of general practice than 
the others. All of them are in common use for receivers of recent 
design. 

At A of Fig. 26-1 there is an autotransformer wherein the entire 
winding acts as the primary, with the lower section, across which 
the yoke coils are connected, acting as the secondary. Either 
boosted B-voltage or regular B+ voltage is applied to the bottom 
of the transformer and the low side of the yoke coils. 

Diagram B of Fig. 26-1 shows a vertical output transformer 
with insulated secondary. As with any such transformer, boost 
or B+ voltage is applied to the low side of the primary. The 
secondary and the yoke coils always must be grounded when the 
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Fig. 26-1 Some common types of vertical deflection sections. (A) with an 
autotransformer. (B) with a transformer having insulated secondary. 
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secondary is insulated from the primary. Here the ground is from 
between the two yoke coils. Since neither end of the yoke circuit 
is directly grounded, pulses for vertical retrace blanking may be 
taken from either end of the yoke or either end of the transformer 
secondary, depending on required retrace polarity. 

Diagram A of Fig. 26-2 illustrates application of B+ or boost 
voltage to an intermediate tap on an output autotransformer. The 
high side of the yoke coils may be connected to the same trans- 
former tap as the B-voltage or to the end of an extension on the 
transformer winding. 


'_,Retrace 


Boost 
Or Bt 


Fig. 26-2 Vertical deflection sections in which there are extensions at the 
low end of autotransformer windings. 

At B of Fig. 26-2 the boost voltage or B+ voltage is applied 
between the vertical yoke coils, with plate current for the ampli- 
fier tube passing through the transformer and both coils. Pulses 
for vertical retrace blanking are taken from the low side of the 
transformer and yoke coils or else from an extension on the low 
side of the transformer winding. 

On all but a very few vertical yoke coils there are two damping 
resistors, one across each coil. Fig. 26-3 shows some methods of 
using damping elements on the windings of the output trans- 
former. At A there is a capacitor across the secondary section of 
the transformer winding. Capacitance usually is anything from 
0.05 mf to 1.0 mf. In addition to the capacitor across the secondary 
there is a resistor across the upper part of the transformer 
winding in some receivers. 

At B of Fig. 26-3 the boost or B+ voltage may be applied either 
to the top of the secondary section of the transformer or else to a 
point between the two vertical yoke coils. There is a damping 
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resistor across the transformer secondary section in addition to 
resistors across each of the yoke coils. 

Note that in none of the circuits is a connection for retrace 
blanking pulses at the point where boosted B or B+ voltage is 
applied. On any of the B-voltage lines there would be a filter or 
decoupling capacitor of large capacitance which would absorb the 
pulses. 

When boosted B-voltage is applied to a point between the 
vertical yoke coils, and is taken from the low side of a horizontal 
output transformer, it appears on service diagrams that the 
horizontal transformer is connected to the vertical coils. This 
may be confusing unless it is recalled that the connection is 
merely for handling plate voltage and current for the vertical 
output amplifier. 


Trans 
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Fig. 26-3 Vertical deflection sections in which damping elements are con- 
nected to the output transformer. 

Figs. 26-1 to 26-3 do not, of course, show all the combinations 
of connections which may be found in vertical deflection systems. 
The same circuit components may be combined in various ways. 

Damping resistors across the vertical yoke coils are from 500 to 
600 ohms in the majority of cases. Sometimes, however, the 
resistance of each unit may be less than 200 ohms or more than 
2,000 ohms. 

D-c resistances in the secondary sections of vertical output 
autotransformers commonly range from 4 to 16 ohms, and in the 
portion of the winding above the secondary from about 400 to as 
much as 1,600 ohms or even more. D-c resistance of the two 
vertical yoke coils in series, including the effect of damping 
resistors, may be as little as 25 ohms or as much as 65 to 70 
ohms. | 
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The voltage waveform at the plate of a vertical output amplifier 
is typically as at A of Fig. 26-4. Peak-to-peak voltage in different 
receivers varies from a few hundred volts less than 1,000 to 
something on the order of 2,000, and should be observed with a 
high-voltage capacitance probe on the oscilloscope. 

Voltage at the high side of the vertical yoke coils and at their 
connection to the transformer is typically as at B of Fig. 26-4. 
Peak-to-peak values are small enough for measurement without 
a high-voltage probe. 


Fig. 26-4 Vertical deflection voltages. (A) at the plate of the output am- 
plifier. (B) at the high side of the vertical yoke coils. 


The cathode of the vertical output amplifier usually is con- 
nected directly or otherwise to an adjustable resistor for vertical 
linearity control, and is bypassed to ground or B-minus with 
large capacitance. Then the voltage waveform at the amplifier 
cathode is of the general form shown by Fig. 26-5. This waveform 
always is observed where pulsed or sawtooth voltage is absorbed 
by large capacitance. 
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Table 26-1 
VERTICAL DEFLECTION 


TRANSFORMER 
Autotransformer 
Grounds 

1 Direct 
Internal Faults 

3 Open circuit 

4 Shorted turns | 

TRANSFORMER 

Insulated Secondary 
5 Secondary not grounded 
Internal Faults 
6 Open circuit 
7 Shorted turns 
YOKE 
8 Too little inductance 
Connections 
9 Defective joints 
10 Leads interchanged 


11 Retrace pulses from 
wrong end 


12 One coil shorted 
13 Both coils shorted 


Ground, with Autotransformer 
14 Direct ground 
15 High-resistance ground 
Ground, with Insulated Sec. 
16 Ground lacking 
Resistor Across Coil 
17 Open, too great 
18 Too small 
19 Shorted 


Internal Faults 
20 Open circuit 


21 Shorted turns 


, No Pictures 
, Horizontal 


oie a a ee ee 2 ee ee a 


Wedge Shaped 


a DD eee ee 
pt ttt ft eet tT TY Betts Lacking 
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Current in the vertical yoke coils should be of sawtooth wave- 
form. Fig. 26-6 is an example observed with the scope connected 
across one ohm resistance in series with the yoke. In this case 
there is satisfactory vertical linearity. Nonlinearity is accom- 
panied by bending or waving along the sloping portion of the 
sawtooth. 


Fig. 26-5 Voltage waveform at a vertical output amplifier cathode bypassed 
to ground with large capacitance. 


Fig. 26-6 Typical current waveform in the vertical coils of a yoke. 


Faults And Symptoms 


Table 26-1 lists faults which are more or less common in verti- 

cal output transformers, vertical yoke coils, and their connections. 
Numbered paragraphs which follow refer to similarly numbered 
faults in the table. 
5S When an insulated secondary and connected yoke coils are 
not grounded directly or through large capacitance there is likely 
to be strong oscillation in the ungrounded inductances. The pic- 
ture tube will show a bright blur over the entire viewing screen 
with no evidences of pictures or of a good raster. 
8 Insufficient inductance in vertical yoke coils, or too much 
inductance in the transformer turns across which the yoke is 
connected, causes too little deflecting current in the yoke. Pic- 
tures may be of good detail, but lacking in height, or there may 
be severe folding at the top. 
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10 When leads to vertical yoke coils are interchanged the pic- 
tures will be upside down but not reversed from left to right 
unless leads to horizontal yoke coils are interchanged at the same 
time. 

11 When a retrace blanking connection is to the wrong point 
on the vertical output transformer or vertical yoke coils, and 
this point is not connected to ground or to a B+ line, the pulse 
polarity usually is the opposite of that needed. Then vertical 
retrace lines become very bright, far brighter than with no retrace 
pulses. 

14-16 Note that with an insulated-secondary vertical output 
transformer the secondary and connected yoke coils must be 
grounded, while with an autotransformer the yoke coils must not 
be grounded. 

17 Damping resistors which are open or of excessive resistance 
usually allow severe oscillation in yoke coils. 

19 A shorted damping resistor, which means a shorted yoke 
coil, will make pictures smaller at either the left or right than on 
the opposite side, depending on which resistor or coil is shorted. 
Maximum height of pictures will be about one-half normal. 

20 An open circuited vertical yoke coil may cause horizontal 
waviness because of pulses at the horizontal frequency being 
induced in the open-circuited vertical coils. 


Hints on Troubleshooting the Vertical Deflection Section 


When a puzzling trouble occurs in the vertical deflection sec- 
tion, it is often very helpful to make signal-substitution tests. This 
can be done in several ways: 

1. A normal drive signal can be applied at the grid of the 
vertical-output tube from a suitable instrument such as a 
Television Analyst. If vertical deflection is then obtained, 
we know that the trouble is in the vertical oscillator section. 
On the other hand, if vertical deflection is not obtained, we 
know that the trouble is in the vertical deflection section. 

2. Drive voltage can also be obtained from another TV receiver. 
Use test leads to apply the drive voltage to the receiver 
under test. The observations made are the same as noted 
in (1). 

3. Deflection voltage can be applied from the vertical-output 
transformer of another TV receiver directly to the yoke in 
the receiver under test. The yokes should be disconnected 
in both receivers. Then, use test leads to bring the voltage 
from the external source to the yoke in the receiver being 
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tested. Note that yoke impedances vary—hence, the most 
useful test is obtained when another receiver of the same 
model can be used for a source of external signal. This test 
is useful as a quick-check to find out whether yoke trouble, 
or output trouble is present. 

In many cases of this kind, we are not concerned with complete 
failure of the vertical deflection section. Lesser troubles such as 
foldover, nonlinearity, and irregular raster also occur. The test 
methods noted above are equally useful in localizing these lesser 
types of trouble. 


Section 27 


DEFLECTING YOKE 


WHEN it is suspected that a fault may exist in either the hori- 
zontal or vertical coils of the yoke, or that the yoke as a whole 
has been damaged by abuse, it may be worth while to temporarily 
connect another yoke of generally similar characteristics to the 
yoke leads from chassis circuits. Although this substitute yoke 
will not allow production of pictures, since it need not be mounted 
on the picture tube, it may eliminate some troubles such as lack 
of anode voltage and thus show that the original yoke actually is 
faulty. . 

The yoke should be checked for resistances of the vertical coils 
and of the horizontal coils when such resistances are specified in 
service literature, also for shorts between horizontal and vertical 
coils. 

The core of most of the yokes in recent receivers is in two 
semicircular pieces held together by an external clamp. Loosening 
of the clamp may allow an excessive gap or gaps between the 
core pieces. Improper clamping in a yoke mounting may have 
cracked off the edges of the core and allowed broken pieces to 
get into the gap. Insulation may be preventing the yoke parts 
from coming close enough together. 

Table 27-1 lists faults in positioning of the yoke with respect 
to the picture tube neck and faults which may affect both the 
horizontal and vertical coils. 

1 In black-and-white receivers the yoke as a unit must be as 
close as possible to the flare of the picture tube or directly against 
the flare. This usually is a matter of adjusting the yoke after 
loosening the screw or nut that secures the yoke in its mounting 
bracket. 

3-4 When a yoke is properly positioned against the flare of the 
picture tube the yoke usually will be well centered around the 
tube neck. However, the bracket fastenings or adjustments may 
have been twisted or jammed in the wrong positions. The 
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Table 27-1 
DEFLECTING YOKE 
As A Unit 


Centering Difficult 
Reversed Pictures 


POSITION OF YOKE 
1 Too far back from flare 


2 Rotated around tube neck 
3 Tilted on tube neck 


4 Not concentric with neck 


CONNECTIONS TO YOKE 


5 Leads interchanged, beth 
horizontal and vertical 


6 Open an both horizontal 
and vertical 


7 Coupling between vertical and 
horizontal 


imaginary center line of the yoke should be exactly in line with 
the center of the tube neck, with equal clearance between the 
interior of the yoke and the outside of the tube neck all the way 
around, and at front and back of the yoke. 

5 If leads are interchanged to both the horizontal and vertical 
coils the pictures will be upside down and backward from left to 
right at the same time. 

6 A single bright spot near the center of the picture tube view- 
ing screen indicates that there is anode voltage but neither 
horizontal nor vertical deflection. Since production of anode 
voltage depends on horizontal deflection voltages and currents, 
a single bright spot would be a rare symptom. 

7 Troublesome coupling between vertical and horizontal yoke 
circuits would occur in circuits external to the yoke. Examine all 
filter and decoupling capacitors, especially those on the boosted-B 
lines when boosted voltage goes to the vertical system. 
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Section 28 


REGULATED HIGH VOLTAGE, 
DYNAMIC CONVERGENCE, 
AND FOCUS CIRCUITS 


THE regulated high-voltage, dynamic convergence, and focus 
circuits are closely associated with one another in a color re- 
ceiver. Hence, troubles which affect the regulated high voltage, 
for example, usually affect the dynamic convergence and the 
focus also. 


Systems Using Two Horizontal-Output Tubes 


Many of the earlier horizontal-output and high-voltage systems 
use two horizontal-output tubes, as shown in Fig. 28-1. Although | 
these are in the minority, you will be called upon to service 
this type of receiver sometimes. Starting with the horizontal- 
output transformer in Fig. 28-1, this is seen to be an auto- 
transformer circuit. It is similar to the familiar 90° flyback 
circuits. 

The transformer is driven by two 6BG6 tubes, to supply the 
heavy current needed. Also, a pair of 6AX4 damper tubes are 
used to carry the flyback current. Note that three 1B3 high- 
voltage rectifier tubes are used. They have different functions, 
as shown in Fig. 28-1. The first tube is a rectifier. The second 
is a coupler. The third tube is a doubler. This is a circuit which 
has been used widely in black-and-white projection receivers, 
but not in direct-viewing black-and-white receivers. 

The high-voltage regulator and the focus rectifier are additions 
to usual black-and-white circuitry. The regulator shown in Fig. 
28-1 is designed to supply 20 kv for a small-screen color tube. 
The picture-tube voltage must be regulated because the current 
flow is heavy. When scanning over light and dark areas, the 
beam current goes up and down. Unless the regulator is used, 
the high voltage will also go up and down, and throw the picture 
tube out of adjustment. 
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The 6BD4 is a triode tube which provides this regulation. The 
plate current in the 6BD4 is dependent on the grid bias. This 
bias is set by adjusting the 2.5-megohm high-voltage control. The 
regulator takes the current which is not needed by the picture 
tube. When the beams scan a dark area, little beam current is 
drawn. Hence, the high voltage tends to rise. But this changes 
the bias on the grid of the 6BD4, and the regulator drains away 
the current. Hence, the high voltage holds practically constant. 

If the regulator tubes get weak, the high voltage is not held 
constant. You can see this variation on a meter, used with a 
high-voltage probe. As the brightness control is turned up and 
down, the meter reading will vary greatly. A good regulator 
holds the high voltage constant within £1,000 volts, or less. 

There is a 1AX2 focus rectifier in the circuit. It provides d-c 
voltage to the horizontal and vertical convergence transformers, 
discussed later. The transformers receive from 2.5 to 3.5 kv. The 
1AX2 also provides high voltage to the Gz (focus grids) of the 
picture tube. The focus grids draw quite a bit of current. Hence, 
a separate rectifier tube is used for this purpose. 

The focus control is a 5-megohm potentiometer. It controls the 
voltage output from the 1AX2. The 1,200-yuf capacitor is a 
filter. The 1.2-ohm resistor reduces the pulse voltage from the 
filament winding to correct value for the 1A X2. 

The horizontal yoke is shown in Fig. 28-1. It is connected across 
pins 1 and 3 of the horizontal-output transformer. A 175-yyf 
capacitor and 390-ohm resistor are connected across the “hot” 
half of the yoke winding. They serve the same purpose as in a 
black-and-white receiver. 

The horizontal-centering control is a 40-ohm potentiometer. This 
pot adjusts the amount and polarity of d-c current flow through 
the yoke. Up to 100 ma of positive or negative current is pro- 
vided. Note that the linearity coil has two windings. It operates 
as a usual width coil, but also provides isolation between the 
boost and damper circuits. 

The width coil is capacitively coupled to terminals 1 and 3 of 
the horizontal-output transformer. Its inductance can be varied 
from 70 to 18 mh. This arrangement of the width coil has mini- 
mum effect on the high voltage when it is adjusted. As shown 
in Fig. 28-1, the B+ voltage required is 410 volts. This is increased 
to 600 volts in the booster circuit. 

The high-voltage rectifier delivers about 10 kv. The doubler 
delivers about 20 kv. The coupler tube is an efficient load for the 
doubler. The 2.2-, 10-, and 2.2-ohm resistors seen in the filament 
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circuits of the 1B3s reduce the filament currents of these tubes 
to correct values. 

Note that the horizontal-output transformer shown in Fig. 28-1 
has three additional sets of windings. The winding seen between 
F and G supplies a pulse to the plate of the keyed-AGC tube. 
This is a positive pulse. On a conventional scope, it appears as an 
upward deflection. Terminal E supplies a pulse voltage to the 
plate of the color killer. This is also a positive pulse. 


HIGH VOLTAGE ANODE eon ai 


INSULATING COATING 


CONDUCTIVE COATING 
Fig. 28-2 The output lead from the high-voltage circuit connects to a metal 


flange on the picture tube. 

Terminal B supplies a negative pulse to the burst-amplifier 
circuit. Terminals A and D also provide negative pulses which 
are supplied to the chroma band-pass amplifier. 

The 20-kv output from the circuit is connected to a metal disk 
which protrudes from the color picture tube as shown in Fig. 28-2. 
The high-voltage lead and the anode connection are completely 
enclosed in plastic. The insulation must not be punctured, or 
trouble will occur due to corona and arcing. 
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Dynamic Convergence Circuits (Electrostatic) 


The need for dynamic convergence voltages is seen in Fig. 28-3. 
The beam magnets converge the beams in the center of the 
screen only. The beams are over-converged at the edges of the 
screen. This is corrected by the dynamic convergence voltages. 

Dynamic convergence is made by adjusting the voltage on the 
convergence electrode of the color picture tube (small-screen 
type). A parabolic voltage waveform is used, as seen in Fig. 28-4. 
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Fig. 28-3 Overconvergence of beams at screen edges when dynamic con- 
vergence voltages are not present. 

This waveform also affects focus, and hence a dynamic focusing 
voltage is applied to the third grid of the picture tube. This 
output is indicated in Fig. 28-4. 

The dynamic convergence amplifier is a triode which drives 
two convergence transformers. One transformer corrects hori- 
zontal misconvergence, and the other corrects vertical miscon- 
vergence. Note in Fig. 28-4 that these a-c voltages are super- 
imposed upon d-c voltages. The d-c voltages can be measured with 
a VIVM and the a-c voltages are checked with a scope. Suitable 
high-voltage probes must be used to check the higher voltages. 
Convergence transformers occasionally break down. When this 
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Fig. 28-5 How dynamic convergence voltages are applied to the color pic- 
ture tube (15GP22 or 15HP22). 


occurs, no response is obtained from adjustment of the dynamic 
convergence controls. 

You will note from Fig. 28-4 that the parabolic waveforms are 
obtained by drive voltages from the cathodes of the horizontal- 
output and vertical-output tubes. These voltages are fed to the 
grid of the convergence amplifier tube through the convergence 
phase controls. Trouble in this section of the circuit is best 
checked with a scope. We are concerned with obtaining correct 
peak-to-peak voltages, also correct waveforms, as seen in Fig. 28-4. 

The manner in which these voltages are used to control beam 
convergence in the 15GP22 (or 15HP22) is depicted in Fig. 28-5. 
It is important to adjust the ultor voltage to 20 kv, or the para- 
bolic a-c voltages will not be as effective as possible. The focus 
control in Fig. 28-5 overheats and may burn out if the picture tube 
is operated too bright for a long period. The static convergence 
control is adjusted in combination with the beam magnets. 


Systems Using a Single Horizontal-Output Tube 


With the advent of the 19-inch color picture tube, receivers 
used a single horizontal-output tube. The system shown in Fig. 
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28-6 uses a single 6CD6. The horizontal-output transformer has 
a primary which connects to the plate of the horizontal-amplifier 
tube (6CD6). The 3A2 high-voltage rectifiers are driven by auto- 
transformer step-up action. The 6AU4 damper is coupled to the 
deflection winding through a 0.047-yf capacitor, and a portion of 
the primary winding. Other windings on the transformer supply 
pulse voltages to the band-pass amplifier, horizontal-phase de- 
tector, and keyed-age circuits. 

Note that d-c current can be passed through the deflection coils 
—two of the leads from the deflection circuit (Fig. 28-6) connect 
to the horizontal-centering control (R71A). This is the manner 
in which picture centering is adjusted in a color receiver. 
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Fig. 28-7 Receiver circuits such as the color killer are upset by faults in the 
flyback system. 

Three high-voltage rectifier tubes are used in this circuit to 
obtain the 25 kv ultor voltage for a 19VP22 picture tube. Less 
voltage is required for the focus electrode of the picture tube. 
Focus voltage is obtained from a 2.5-megohm potentiometer be- 
tween the first and second rectifier tubes. The second rectifier 
tube is called the diode coupler. 

Note the high-voltage regulator tube at the output of the 
third rectifier tube. This is a hydrogen bleeder tube. The voltage 
drop across this tube is maintained at 25,000 +1,000 volts, as 
long as the tube is in good condition. This type of high-voltage 
regulator requires the least attention of any. 

Dynamic convergence is made electromagnetically in the 
19VP22 picture tube. A convergence coil is mounted over each 
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of the guns in the picture tube. The coil is driven as shown in 
Fig. 28-8. The driving voltages are obtained from the plate of 
the vertical-output tube, and from a winding L1 on the flyback 
transformer. L1 supplies a 65-volt pulse, and the amount of pulse 
voltage applied to the circuit is set by adjusting the horizontal 
dynamic-amplitude control R1. 

This pulse “rings” the series-resonant circuit formed by Cl 
(0.01 »f) and L2. The circuit is tuned to 15,750 cycles, and a sine 
wave voltage appears across the horizontal dynamic phasing coil 
L2 equal to 420 p-p volts. This voltage is easily checked with a 
calibrated scope. 
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Fig. 28-8 Dynamic convergence circuit used with the 19VP22 picture tube. 


PULSE DEVELOPED ACROSS ACROSS HORIZ. DYN. ACROSS VERT. TILT COIL 
SMALL SECT. ON HORIZ. PHASE COIL L2 L4 SHOWS 
OUTPUT TRANS. L! OR CONV. COIL WITH MAX. CROSSCOUPLING 


PHASE COIL MAXIMIZED 
Fig. 28-9 Normal voltage waveforms for the circuit shown in Fig. 28-8. 


Fig. 28-9 shows normal waveforms for the circuit of Fig. 28-8. 
We see first the pulse voltage which appears across L1. Next we 
see the waveform across L2. This is the same as the waveform 
across the convergence coil. The phase coil is maximized—i.e., it 
is tuned to peak the dots on the screen, as explained in Section 14. 
Finally, we see the waveform across the vertical-tilt coil L4. The 
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first two waveforms are obtained with the scope sweeping at 
7,875 cycles. The last waveform is displayed on 30-cycle sweep. 

These waveforms are applied to the dynamic convergence coils 
located on the picture-tube neck. Insofar as the horizontal dy- 
namic voltages are concerned, they are coupled without hindrance 
through the 100-yf capacitor, the 70-uf capacitor, and the 0.05-pf 
capacitor. The amplitude control seen in Fig. 28-8 controls the 
amount of voltage applied to the convergence coil. The setting 
of the slug in the phasing coil changes the timing of the voltage 
with respect to the current. 

This circuit generates a sine wave, while a parabola has an 
ideal form for dynamic convergence. However, only part of the 
sine wave is actually used, and this is close enough to a parabolic 
shape for practical purposes. 

Referring to Fig. 28-8, note that B+ voltage is applied through 
the circuit, from which it finally reaches the plate of the vertical- 
output tube. The flow of plate current produces a drop across 
the 2-henry choke. In combination with the 70-yf capacitor, a 
parabolic waveform is generated. The plate current starts as a 
sawtooth, but is converted into a parabola by the LC circuit. 

The parabola has a 60-cycle frequency. It passes through the 
100-yf capacitor, through L3, and then drops partially across the 


OUTPUT. 


Fig. 28-10 Separate horizontal and vertical dynamic convergence sections 
are provided for each of the three guns. 
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0.05-nf capacitor. The 2.5-k potentiometer controls the voltage 
drop, and is hence the vertical dynamic amplitude control. The 
phase of this voltage (tilt) is produced by the other winding L4. 

Note that the 100-ohm control is center-tapped. When you turn 
the control through its range, the phase of the waveform is re- 
versed. Hence, the phase of the voltage, and its amplitude, 
through L4 is determined by the setting of the vertical-tilt con- 
trol. The voltage in L4 plus the voltage in L3 determine the re- 
sulting phase (or tilt) of the vertical dynamic convergence volt- 
age. Of course, we have similar circuit sections for each of the 
three guns, as shown in Fig. 28-10. 

We check the operation of the vertical circuits in the same 
general manner as for the horizontal circuits. The waveforms are 
observed on a scope screen, and peak-to-peak voltages measured. 
Fig. 28-11 shows normal waveforms and voltages for the vertical 
section of the dynamic convergence circuits. 
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Fig. 28-11 Operation of the vertical dynamic convergence circuits is checked 
with a scope. 
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Fig. 28-12 shows a typical circuit used for horizontal scanning 
and regulated high-voltage supply for a 21AXP22 color picture 
tube. The reference voltage for the high-voltage regulator tube is 
obtained from the B+ power supply. This means that trouble in 
the low-voltage power supply will be reflected into the high- 
voltage power supply. 

Note that the winding which supplies pulses to the color killer 
also supplies blanking pulses to the screen grids of the picture 
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Fig. 28-12 A circuit used for scanning and regulated high-voltage supply 
in a 21-inch color receiver. 


tube. In many receivers, you will find that the red and green 
grids only are blanked. This is because the visibility of blue is 
low, and does not show up effectively in the horizontal retrace. 
There is a center tap on the pulse winding. For this reason, the 
pulses supplied to the chroma control and burst gate have oppo- 
site polarity from the pulses supplied to the color killer and 
picture-tube screen grids. This is a very important point to re- 
member in service work. A replacement transformer must not 
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only supply correct pulse voltages, but also correct pulse polar- 
ities. Otherwise the keyed circuits do not operate, or operate 
incorrectly. 

The operation of the high-voltage rectifier circuit in Fig. 28-12 
is that of a typical pulse-multiplier circuit. However, you will 
find other types of high-voltage rectifier circuits in some of the 
newer color receivers. For example, Fig. 28-13 shows a circuit in 
which a 7,000-volt pulse from the plate of the horizontal-output 
tube is rectified in a focus-rectifier tube. About 6,000-volts output 
is used for focusing. The 1,200-uy»f capacitor in the filament circuit 
of the focus rectifier charges up to 7,000 volts. This capacitor in 
turn charges up the 2,000-yyf capacitor to 7,000 volts through 
the coupling tube. But the plate of the high-voltage rectifier tube 
is pulsed at about 20,000 volts from the high-voltage winding on 
the flyback transformer. This pulse voltage is in series with the 
7,000 volts on the 2,000-uyf capacitor, and charges up the 1,200-ypf 
capacitor in the plate circuit of the high-voltage rectifier to 27,000 
volts. 


FOCUS 
1200 
TS 

= LE — 6 KV 
TO — om» 

“ a> 
HORIZ COUPLING 

=> 

9 emma? 

oa H.V. RECT. “ 

= a> 


_ 22 K 22K 22K 25 KV 


2000 T CORONA 
H.V. REGULATOR 


Fig. 28-13. A newer form of pulse-multiplier circuit used in 21-inch color 
receivers. 
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Table 28-1 
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In between pulses, the 27,000-volt charge on the 1,200-pyyf 
capacitor passes through the coupling tube to raise the charge 
on the 2,000-upyf capacitor to 27,000 volts. This voltage flows con- 
tinuously through the 22-k filter resistors to the corona high- 
voltage regulator tube. The regulator tube bleeds the voltage 
down to 25 kv, which is then applied to the ultor of the color 
picture tube. Focus and ultor voltages are generally taken from 
separate sources in all high-voltage supplies. This gives better. 
operation of the picture tube. 

Table 28-1 gives common picture symptoms caused by trouble 
in the regulated high-voltage, dynamic convergence, and focus 
circuits. The following numbered paragraphs correspond to num- 
bers in Table 28-1. 

1 When the high-voltage rectifier tube (or coupler tube) be- 
comes weak, the high voltage drops below normal. In the case 
of a triode regulator, the voltage holds steady, but is too low. If 
the set uses a corona regulator, the tube does not fire. Picture 
size and focus vary as the brightness and contrast controls are 
turned. Convergence is poor. Purity is often poor. The high- 
voltage rectifier tubes are sometimes damaged by turning the set 
on without a high-voltage cheater. This draws excess current 
through the tubes. 

2 A gassy high-voltage rectifier tube has an intense blue glow. 
If very gassy, the fuse in the flyback circuit blows. If the fuse is 
too large, the flyback transformer burns out. 

3 A shorted high-voltage rectifier tube blows the flyback fuse. 
(See 2.) 

4 If the high-voltage regulator tube (triode type) becomes 
weak, the high voltage goes up and down as the brightness and 
contrast controls are turned. The symptoms are those noted in T, 
except that they are not as marked. 

5 A shorted high-voltage regulator tube shorts the high-voltage 
supply. The flyback fuse blows. 

6 Leakage of the steady type in the flyback transformer causes 
a drift in receiver operation. The age threshold drifts and 
may require frequent adjustment. The high-voltage output may 
fall and then rise. (See 1.) Intermittent arcs only produce 
flashes in the picture. However, intermittent arcs usually become 
more frequent, and eventually cause complete breakdown of the 
transformer. 

7 Corona from the high-voltage leads is caused by damaged 
insulation, or by exposed sharp or pointed metal connections. 
All connections should be covered, or should be gradually 
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rounded to prevent corona. Corona gives a blue glow in the 
dark, and a characteristic odor of ozone. 

8 Convergence transformers are used in small-screen color 
receivers. Sometimes they develop arcs which cause picture flash- 
ing. Arcing leads to breakdown, which results in a dark screen. 

9 An open convergence transformer causes a dark screen. 
Arcs sometimes open the windings, or a short in the dynamic 
convergence amplifier tube may cause excessive plate-current 
flow and melt the winding. 

10 When the focus control opens, it may arc erratically caus- 
ing severe flashing in the picture. In other cases, the screen goes 
dark. An open focus control is usually caused by running the 
brightness control too high. 

11 When the damper tube becomes weak, all circuits fed by 
boosted B+ have reduced output. The picture gets narrow 
and usually decreases in height. Screen brightness goes down. 
Convergence and focus become poor. Many of the symptoms are 
caused by reduced drive to the horizontal-output tube. 

12 Arcing sometimes occurs in the damper tube. This causes 
high transient voltages in the circuits fed by boosted B+. The 
most prominent symptom is picture flashing. 

13. An internal short in the yoke produces poor convergence, 
and keystones the raster. In some cases purity is also poor. A com- 
plete short of the vertical windings causes a bright horizontal 
line. This quickly damages the screen of the picture tube. A com- 
plete short of the horizontal windings produces a dark screen. 
The windings are most often damaged by a defective picture 
tube which permits arcing through the neck to the yoke windings. 
14 An open convergence winding on the convergence yoke re- 
sults in no response to the control adjustments for that winding. 
An open winding is usually caused by a short that permits heavy 
flow of B+ current through the winding. 

15 A shorted tilt control generally blows the line fuse. It makes 
a very heavy drain on the low-voltage power supply. 

16 Wrong polarity keying pulses upset the operation of the 
circuit to which the winding is connected (such as convergence 
circuits). Wrong polarity occurs after flyback replacement. In 
some cases the leads to the windings are reversed by mistake. 
In other cases the transformer is not an exact replacement, and 
gives incorrect pulse polarities. 

17 When the drive voltage is too high, you will see a drive 
line on the screen. Also, the horizontal-output tube gets quite hot, 
and its life is shortened. 
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18 When the drive voltage is too low, the high voltage is 
also too low. The picture appears too narrow, and cannot be 
widened out. Focus is poor. 

19 When the phasing coil has an open winding, edge con- 
vergence is poor and there is no response to adjustment of the 
coil. An open winding is usually caused by careless handling of 
tools. In some cases, a short from one end of the coil to chassis 
causes heavy B+ current flow which burns out the winding. 

20 A shorted phasing coil produces the same picture symp- 
toms as an open coil. (See 19.) 


Section 29 


 LOW-VOLTAGE POWER SUPPLY 
(Black-and-White and Color Receivers) 


SERIES heater strings and line-driven power supplies are used 
in some color receivers, and are used widely in black-and-white 
receivers. Economy, reduction of weight, and thinner chassis 
result from the transformerless design. In this type of receiver, 
the customer’s controls are insulated from the chassis to avoid 
shock. The technician, on the other hand, must use an isolating 
transformer to protect himself and his equipment. In the case 
of a color set, the isolating transformer must have a rating of at 
least 500 volt-amperes. 

The low-voltage power supply for a typical color receiver is 
shown in Fig. 29-1. Heaters are connected in two series strings. 
However, the picture tube and high-voltage regulator tube are 
powered from a small heater transformer. The primary of this 
transformer has also an auto winding, so that the doubler circuit 
can produce a full 300 volts d-c. The step-up is 12 volts, which 
also powers the pilot lamp. You can use a No. 47 bulb in series 
with a 39-ohm 2-watt resistor, or two No. 47 bulbs in series. 

As in any series-heater system, the order of the tubes is 
chosen to place those most sensitive to hum voltage as near 
ground as possible. Note in Fig. 29-1 how control of current 
through the field-neutralizing (rim) coil is made with a low- 
resistance potentiometer and a polarity-reversing switch. 

The low-voltage power supply section furnishes B-voltages and 
currents for plates, screens and grid biasing in all small tubes not 
handled by boosted B-voltage. It furnishes also the heater volt- 
ages and currents for all small tubes and for the picture tube. 


Transformer Supply 


Fig. 29-2 is a schematic diagram of the type of low-voltage 
power supply longest in use. On the primary of the power trans- 
former is the on-off switch for the receiver and sometimes a fuse 
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in series with the primary. It is common practice to have on the 
transformer primary some arrangement of capacitors (usually of 
0.01 mf capacitance) and a resistor of 100K ohms or more for 
reduction of power line interference which otherwise might pass 
through internal capacitances of the transformer to receiver cir- 
cuits. 

Connected to a center-tapped “high-voltage” secondary winding — 
of the transformer is a full-wave vacuum tube rectifier whose 
filament-cathode is heated from a separate secondary. The fila- 
ment-cathode is the most positive d-c point of the B-voltage 
system. 


Power 
Transformer 


Full-wave 
Rectifier 


B+ 


On-Off el 


A-C Line [ To Parallel Heaters 


Fig. 29-2 Low-voltage power supply with one full-wave rectifier tube. 
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Fig. 29-3, Two methods of connecting rectifier tubes in parallel. 
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The center tap of the high-voltage secondary is the most nega- 
tive d-c point of the B-voltage system. This tap may be con- 
nected directly to ground as shown, or else connected to ground 
through a fuse having current capacity of 200 ma or more, as 
required for the particular receiver. 

There will be one or more low-voltage secondaries for tube 
heaters, pilot lamps and other accessories. Tube heaters are 
connected in parallel with one another, with one side to ground. 

The power filter consists of two electrolytic capacitors, Ca and 
Cb, with an iron-cored choke between them. Capacitances usually 
are 40 to 100 mf in each capacitor. Choke inductance is commonly 
one henry or thereabouts. In some receivers the field coil of an 
electromagnetic speaker is used for the power filter choke. 

At the filter output of most recently designed sets there is 
250 to 350 volts, positive to ground. A value around 270 volts is 
common. Greater B-voltages are provided, where needed, by 
boosted B-voltage. 
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Fig. 29-4 A resistor-capacitor filter for low-voltage B-power. 
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Fig. 29-5 A selenium doubler system for low-voltage B-power. 
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Parallel Rectifier Tubes 


In receivers requiring greater total B-current than can be 
furnished by ordinary standard rectifier tubes used singly, two 
such tubes may be connected in parallel as in Fig. 29-3. In the 
left-hand diagram the two plates of each tube are connected to 
opposite ends of the transformer secondary. Each tube acts as a 
full-wave rectifier. 
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Rs Rect B+ 
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Fig. 29-6 Connections for a single selenium rectifier. 
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Fig. 29-7 Circuits in a tester for selenium rectifiers. 


In the small diagram at the right the two plates of each tube 
are connected together and to one end of the secondary. Each 
tube acts as a half-wave rectifier, with the combination forming a 
full-wave rectifier. 

Two paralleled rectifier tubes of the same type are capable 
of handling approximately twice the d-c current that could 
safely be handled by one tube. Output voltage is about the same 
as from a single tube, but may be slightly greater because in- 
ternal resistances of the two tubes are in parallel. 
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Resistor-Capacitor Filters 


In the power filter of Fig. 29-4 a fixed resistor Ra is used in- 
stead of the filter choke of Figs. 29-2 and 29-3. This resistor is 
of small value, possibly 100 to 200 ohms, in order to lessen the 
drop of B-voltage. The electrolytic filter capacitors Ca and Cb 
may be of 60 to 100 mf each. 

Although a filter resistor does not oppose all changes of alter- 
nating current, as does a choke, there is a resistance-capacitance 
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Rectifier 
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Fig. 29-8 Checking a selenium rectifier with an ohmmeter. 


time constant effect that slows the discharges of the first filter 
capacitor. There is, of course, additional filtering or smoothing 
action in all resistor-capacitor decouplings of the receiver. 

Ripple voltage at the filter output drops proportionately to 
increase of filter resistance, also proportionately to increase of 
filter capacitance. 

If there is a second filter resistor and capacitor, Rb and Cc of 
Fig. 29-4, the second resistor usually is much greater than the 
first. The resulting lower output voltage is better filtered and has 
less ripple. 


Selenium Doubler Rectifiers 


Fig. 29-5 illustrates a widely used B-power supply employing 
two selenium rectifiers in a voltage doubling circuit. The rectifiers 


LOW-VOLTAGE POWER SUPPLY 507 


are marked S1 and S2. Electron flow is in a direction against the 
arrowhead of the symbol, being from cathode to anode within the 
rectifier. Cathodes may be marked with a positive (+) sign, with 
a red dot, or may have such lettering as K, CATH, or POS. Asa 
rule the anode, the negative terminal, has no special marking. 

The purpose of the surge resistor is to limit the peak voltage 
which otherwise would act on the rectifiers during initial charg- 
ing of capacitors and also later on were there short circuits. When 
an ordinary resistor is used there usually is a fuse in series, as 
in the diagram. A shorted rectifier could carry enough current to 
heat wiring red hot and start a fire. 


To Heaters 


R C S32 | 
S a Biel Rj] 


Fig. 29-9 A three-section resistor-capacitor filter system with selenium dou- 
bler rectifiers. 

Instead of using an ordinary resistor and series fuse many 
receivers have a fusible resistor designed to burn out on heavy 
current overloads. It is a general rule that the smaller the cur- 
rent capacities of the selenium rectifiers the greater is the surge 
resistance in any type of resistor unit. In many television re- 
ceivers the resistance is something from 5 to 8 ohms. 

Values of the three capacitors, Ca, Cb and Cc of Fig. 29-5 
commonly range from 120 to 200 mf each, with usually some- 
what greater capacitance at Ca than in the other two positions. 
Rated working voltages may be 150 to 200 at Ca, with 300 or 350 
volts in the other positions. 
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Normal d-c voltage across either one of the rectifiers is a little 
less than rms line voltage. D-c voltage measured across either 
of the filter capacitors Cb and Cc is double or somewhat more 
than double the rms line voltage. 


Selenium Single Rectifiers 


Fig. 29-6 is a circuit diagram for a B-voltage supply using a 
single selenium rectifier unit as found in television receivers. 
The surge resistor Rs is directly followed by the rectifier. D-c 
voltage at the filter output ranges from 130 to 150, measured to 
ground. 
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Fig. 29-10 Selenium doubler system not grounded to chassis, with trans- 
former for parallel heaters. 


Filter capacitors Ca and Cb are electrolytics in values of 200 
to 300 mf and working voltage of 150 in practically all cases. The 
second filter capacitor may be bypassed for high frequencies by 
a fixed capacitor Cc of anything from less than 1,000 mmf to as 
much as 0.25 mf. 


Selenium Rectifier Tests 


Other than trying a new unit where a fault is suspected the 
most satisfactory way to test a selenium rectifier is with an in- 
strument made for the purpose. One kind of testing circuit is 
shown by Fig. 29-7. The 5-ohm surge resistor is of 10-watt rating. 
Rectifiers must be connected with their cathodes to the clip 
marked “+”’. 
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Fig. 29-11 An example of series-parallel distribution of B-voltage and 
current. 


Horz 


Switch positions identified by numerals 1 to 5 connect into the 
circuit the following capacitors and resistors, and are used for 
testing rectifiers of listed current ratings. Both electrolytic capaci- 
tors are rated for 150 d-c working volts. 


Switch Rectifier Capacitor Resistor 
1 200 ma (a) 120 mf (1) 680 ohms, 50 watts 
2 250 ma (a) 120 mf (2) 510 ohms, 60 watts 
2 300 ma (b) 300 mf (3) 430 ohms, 75 watts 
4 350 ma (b) 300 mf (4) 360 ohms, 100 watts 
5 450 ma (b) 300mf —_ (5) 300 ohms, 100 watts 
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With 117 rms volts from the a-c power line applied to a good 
rectifier the d-c voltmeter should indicate 120 to 130 volts within 
) minutes after closing the switch to the line. Normal d-c volt- 
age with the larger rectifiers will be slightly less than with the 
smaller units. 

The lower the d-c voltage the less efficient is the rectifier on 
test. A rectifier which is shorted or has very low resistance will 
blow the fuse. A 2-ampere circuit breaker may be used instead 
of the fuse. 
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Fig. 29-12 Series-parallel B-voltage distribution with additional decoupling. 


A rough check which will show. serious faults in a selenium 
rectifier is illustrated by Fig. 29-8. Forward resistance is meas- 
ured as at the left, with positive of an ohmmeter to negative 
(anode) of the rectifier and with negative of the meter to posi- 
tive (cathode) of the rectifier. Back resistance is measured as at 
the right, with ohmmeter leads reversed to the rectifier terminals, 
with positive to positive and negative to negative. 

Forward resistance of a good rectifier may measure almost any- 
thing from 10K to 30K ohms or even more. Back resistance should 
measure more than 10 times the forward resistance, and up to 
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40 times as much. A great deal depends on the type of ohmmeter 
and on how much d-c voltage it applies to the rectifier. Types of 
resistance testers which apply pulsating or alternating voltage 
give no distinct indications on selenium rectifiers. 


Other Selenium Rectifier Circuits 


Fig. 29-9 shows one method of using a resistor-capacitor filter 
or filters with selenium rectifiers. The first filter capacitor is 
marked Cb. There are three separate filter resistors, R1, R2, and 
R3. In connection with the three filter resistors are used three 
separate filter capacitors marked C1, C2 and C3. This arrange- 


Fig. 29-13 Unequal amplitudes in voltage from a power transformer having 
displaced electrical center. 


ment allows taking three different B-voltages from the power 
supply, and provides effective decoupling of each B-voltage from 
the other two. 

It is also possible to use the resistor-capacitor filter system of 
Fig. 29-4 in connection with selenium doubler or single selenium 
rectifiers. 

With receivers employing the selenium rectifier circuits of 
Figs. 29-5, 29-6 and 29-9 the chassis are “hot.’”’ One side of the 
a-c power line is connected to chassis ground. Fig. 29-10 shows a 
method of using a selenium doubler system with one side of the 
a-c line connected to the chassis only through an electrolytic 
capacitor at Cb. 

In Fig. 29-10 there is no capacitor between the surge resistor 
and the rectifier units. An ordinary surge resistor unit may be 
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used in connection with a fuse, as shown, or there may be a 
fusible resistor without the fuse. Otherwise a circuit breaker 
may be used instead of the fuse. Capacitors Ca and Cb, in series 
with each other to ground, usually are of 150-volt rating each. 
The second filter capacitor, Cc is of 300- or 350-volt rating. 

Selenium rectifiers, either singly or in a doubler circuit, most 
often are found in receivers having series heaters. In Fig. 29-10, 
however, there is a separate step-down transformer for the 
heaters of all tubes. The heaters then are connected in parallel 
with one another. 


Series-Parallel B-Voltages 


In Fig. 29-11 the audio output amplifier is in series with a 
number of other tubes so far as plate voltage and current are 
concerned. In this particular “power distribution” diagram the 
other tubes are the r-f oscillator-mixer in the tuner, all three i-f 
amplifiers, the sync tube, and the audio detector or demodulator. 
Plate and screen currents pass from ground (B-minus) to the 
cathodes of these other tubes, then from their plates and screens 


Fig. 29-14 Typical voltage waveforms from half-wave (A) and full-wave (B) 
rectifiers as observed at the filter input. 
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to the cathode of the audio output tube, and from its plate and 
screen the combined currents go to positive of the B-power 
supply. 

This general method of B-power distribution may be called 
“series-parallel” or “plate current series” or “series plate-cathode” 
and by other descriptive names. It provides a high B-voltage and 
a low B-voltage from a single power supply without requiring 
high wattage resistors for voltage dropping. The drop between 
high and low B-voltages occurs in the audio output tube. 

The total of plate and screen currents in all tubes on the low 
B-voltage line is equal or approximately equal to cathode current 


Table 29-1 Symptoms 


B-VOLTAGE LOW Blooming Dark, No Raster 


At filter output Brightness Lacking Size Lacking 


LINE VOLTAGE 1 Less than 105 volts rms 


RECTIFIERS Single Tube 
2 Weak 


Parallel Tubes 
3 One weak, or open filament 
Selenium Doubler System 


Series Capacitor (Ca Fig. 29-9) 
4 Old, small capacitance 


5 Leaky. 


Series Rectifier (S2 Fig. 29-9) 
Weak, small back resistance 


Shunt Rectifier (S1 Fig. 29-9) 
7 Open 


Selenium Single Unit 
8 Weak, small back resistance 


POWER FILTER Ist Capacitor 
9 Open 
10 Old, small capacitance 
2nd Capacitor 
12 Leaky 


WIRING 13 Defective PWIRING =| 13 Defective joints 
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in the audio output amplifier. If tube currents are not exactly 
equal there will be resistors to ground for carrying any differ- 
ence between the currents. Sometimes other tubes are in parallel 
with the audio output tube, their cathodes being connected to 
the audio output cathode and their plates to the high B-voltage 
line. 

In a typical distribution system there will be 250 to 270 volts 
to ground on the B+ line from the power supply. This voltage 
acts through any dropping resistor on the plate and screen of the 
audio output tube. In the resistor and amplifier there will be a 
drop of about 110 volts, leaving something like 150 volts at the 
amplifier cathode. This 150 volts becomes the low B-voltage of 
Fig. 29-11 and is, of course, the drop through resistors and tubes 
on this line. 

Pairs of tubes or tube sections may be in series with each 
other between high B+ and ground, as in the r-f amplifier of 
Fig. 29-11. Sometimes the plate of one i-f amplifier connects to 
high B+, its cathode connects to the plate of another amplifier, 
and the cathode of this second amplifier goes to ground. 

Fig. 29-12 shows another series-parallel power distribution 
system. The diagram is simplified by omitting the dropping re- 
sistors, also the boosted B-voltage circuits shown in Fig. 29-11. 

In any series-parallel system the audio signal voltages which 
exist at the cathode of the audio output amplifier must be kept 
out of the low B-voltage lines. The decoupling in Fig. 29-11 is 
performed by capacitor Ca, a large electrolytic, and by the 
dropping or decoupling resistors for the low-voltage tubes. 


Fig. 29-15 Voltage waveform at the junction of two rectifiers in a selenium 
doubler system. 
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There are two decouplings in Fig. 29-12. The first consists of 
an electrolytic capacitor Ca-and choke La. The second decoupling 
occurs in resistor Ra and electrolytic capacitor Cb. The drop in 
Ra ordinarily is no more than 5 to 10 volts. Always there will 
be one or more decoupling capacitors and sometimes a series 
resistor or choke on the low B-voltage lines from the cathode of 
the audio output amplifier. 

Since the grid of the audio output amplifier may be only about 
10 volts negative to its cathode, this grid will be about 140 volts 
positive to ground. It must be kept in mind that the grid as well 
as the cathode will be highly positive to ground in any tube at 
the high end of a series-parallel distribution system. 

A-C To B-power Supply 
Line 
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Fig. 29-16 Schematic diagram for series heaters of the controlled warmup 
type in a television receiver. 
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Whether or not a receiver employs a series-parallel distribu- 
tion system may be determined by measuring the voltage to 
ground or to B-minus at the grid of the audio output tube. Volt- 
age in excess of 100 would indicate a series-parallel distribution 
system. 

Screens of some tubes may receive low B-voltage, as in the 
audio detector of Fig. 29-11, while the plates receive high 
B-voltage. In Fig. 29-12 the r-f mixer section of a tuner tube 
works on high B-voltage while the oscillator section receives 
low B-voltage. Also, the age keyer tube receives both high and 
low B-voltages. 

Where there is series-parallel power distribution any fault 
in the audio output amplifier or its circuits may cause trouble in 


Table 29-2 


B-VOLTAGE ZERO 
At filter output 


LINE VOLTAGE 


Symptoms 


Dark, No Raster 


POWER 15 Fuse blown, on primary or secondary 


TRANSFORMER 16 Winding open internally 


RECTIFIERS Single Tube 
17 Open filament 
18 Plate-filament short 
Selenium, Doubler or Single 


Surge Resistor or Fuse 
19 Open 


Series Capacitor (Ca Fig. 29-9) 
20 Open 


21 Shorted. A fuse will blow 


Series Rectifier (S2 Fig. 29-9) 
22 Open 


23 Shorted. A fuse will blow 


Shunt Rectifier (S17 Fig. 29-9) 
24 Shorted. A fuse will blow 


POWER FILTER 25 Either capacitor shorted 
26 Choke or series resistor open 


WIRING 27 Open connections 
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receiver sections whose tubes are in series with the audio output 
tube. This fact must be considered when locating the real cause 
for trouble symptoms. 


Faults and Symptoms 


Faults in the B-power supply cause, at the filter output, either 
low B-voltage, zero B-voltage, or excessive ripple or hum voltage. 
Certain picture symptoms result from these incorrect voltages. 
Picture symptoms, and faults which usually cause the incorrect 
B-voltage, are listed in Tables 29-1 through 29-4. Following 
numbered paragraphs give additional information relating to 
faults similarly numbered in the tables. 
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Fig. 29-17 Tube layout on a television receiver chassis, with connections 
for series heaters. ; 

Low or zero B-voltage may be recognized by measurement with 
a d-c voltmeter, and comparison with correct voltages shown on 
a service diagram or in a service listing of proper voltages. 

Ripple or hum voltage may be measured with an a-c volt- 
meter in which a series capacitor blocks d-c voltage. Ripple or 
hum voltage may be located with an oscilloscope. 

Vacuum tube rectifiers in B-power supplies are full-wave recti- 
fiers. Therefore, ripple voltage at the filter output will be of 
120-cycle frequency, or twice the line frequency. Selenium recti- 
fiers, either single or doubler types, are half-wave rectifiers, and 
ripple voltage at the filter output will be of 60-cycle frequency. 
Selenium rectifiers may be used in full-wave circuits, but this 
is not customary in television B-power supplies. 
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1 Approximately 105 rms volts from the a-c power line is about 
the lowest which allows satisfactory picture reproduction. A-c 
line voltage below 100 causes serious trouble. 

3 When one parallel rectifier is out the remaining one carries 
a heavy current overload and usually will give out quite soon. 
The remaining rectifier gets filament voltage somewhat higher 
than normal, allowing greater emission and less internal resist- 
ance. B-voltage may drop no more than 10 to 15 per cent. When 
one rectifier has been carrying the total load for some time 
it is advisable to replace both tubes. 

4 A series capacitor which is old, or has small capacitance for 
any reason, usually causes more trouble from low B-voltage than 
from ripple. 


TO RECTIFIER 


i sme TO TUBES 


SWITCH 


Fig. 29-18 The Surgistor was developed following the thermistor (glo-bar). 
It uses relay contacts. 
6-8 The life of a selenium rectifier is shortened by operation 
at temperatures in excess of 170° F. Such rectifiers are mounted 
close to chassis metal, which helps carry away excess heat. 
Current overloads, which may result from shorts and accidental 
grounds on wiring, will seriously damage a selenium rectifier, 
as well as a vacuum tube type. A defective selenium rectifier 
may overheat, make popping noises, and emit a disagreeable 
odor. 
9-10 To check for opens or small capacitance temporarily con- 
nect across the suspected capacitor a good unit of equal or greater 
nominal capacitance. Be sure to observe polarity of electrolytics. 
Improved performance indicates a fault in original capacitor. 
An old electrolytic capacitor may have much less than rated 
capacitance, with a high power factor, but with only normal or 
less than normal leakage. . 
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13. Check such possible locations for defective joints or connec- 
tions as: The power cord and power cord plug for the a-c line 
receptacle. Interlock contacts on the receiver and cord. The on-off 
switch in the receiver. Interconnection plugs and sockets between 
the chassis and other components. 

14 Check for voltage at the a-c receptacle with a lamp. A fuse 
in the building power line may be blown. 

17 If a rectifier tube burns out suddenly, with a bright flash in 
the tube, it indicates a severe current overload. Locate the cause 
before replacing the tube. 

23-24 A shorted selenium rectifier may not show zero resistance 
on an ohmmeter test. Resistance may be around 100 ohms. 

27. Check the points mentioned in preceding paragraph 13. Look 
also for a blown fuse on either the primary or secondary side of 
the power transformer. A combination switch, such as TV-Phono, 
may be in the wrong position. On older sets in which a focusing 
coil carries B-current check the coil and its connections. 

28 Shorted secondary turns in a power transformer displace the 
electrical center to cause successive voltage waves of unequal 
amplitudes such as those in Fig. 29-13, or worse. The inequality 
is more than can be smoothed by the filter. 

Shorted turns reduce the winding resistance by too little for 
detection with an ohmmeter. Other than excessive ripple, the 
most noticeable result of shorted turns is severe overheating. 
When this happens, temporarily disconnect all circuits from the 


Table 29-3 SCT ee 


RIPPLE OR HUM Hum Bars, 60 or 120 Cycle 
EXCESSIVE Wavy, Vertical 


At filter output Vertical Syne Critical 


POWER 
TRANSFORMER 28 Shorted turns 


RECTIFIERS Selenium Doubler System 
29 Either rectifier weak, small back resistance 
POWER FILTER Ist or 2nd Capacitor 
30 Open 
31 Old, small capacitance 
Choke or Series Resistor 
32 Shorted 
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transformer secondaries, including the heaters. Turn on the 
power and allow the transformer primary to be energized for as 
much as one hour. Excessive temperature (too hot to touch for 
more than a second or two) indicates shorted turns or other 
serious internal trouble. 

Ripple voltage at 60 cycles and sometimes at 120 cycles may 
result from loose core clamps or screws on the power transformer. 
The vibration may cause microphonic effects in various tubes, 
giving picture symptoms similar to those from ripple. 

29 Ripple voltage from a television B-power supply employing 
selenium rectifiers, either singly or in a doubler circuit, is of 60- 
cycle frequency. The waveform of voltage from a rectifier or 


TO RECTIFIER 


zp ms TO TUBES 


SWITCH 


THERMISTOR 


Fig. 29-19 Typical circuit arrangement for a thermistor. 


rectifiers at the input to the filter choke and first filter capacitor 
is as at A of Fig. 29-14. Input from a full-wave vacuum tube 
rectifier to the filter is as at B. Frequency at A is 60 cycles and at 
B is 120 cycles per second. 

Voltage waveform at the junction of the two rectifiers in a 
doubler circuit is practically a 60-cycle sine wave, as shown by 
Fig. 29-15. In Fig. 29-9 this would be the voltage at the positive 
side of series capacitor Ca. 

If back resistance is low in a shunt rectifier of a selenium 
doubler (S1 of Fig. 29-9) there will be bad ripple voltage but 
there may not be a great drop of B+ voltage from the filter. 

30 An open second filter capacitor will allow a large ripple 
voltage, but will drop the B+ voltage from the filter output 
only relatively little. 


LOW-VOLTAGE POWER SUPPLY 521 


Table 29-4 


SERIES-PARALLEL 
B-VOLTAGE SYSTEM 


ov 
i 
Le | 
~ 
a 
Ay 
° 
vd 
> 
neo 
fe} 
Oo 
he 
Vv 
2 
WY 
a0] 
on 


Sound Bars 


AUDIO OUTPUT TUBE 
33 Heater open 


34 Weak 
35 Cathode-heater leakage 


DECOUPLING CAPACITOR 


36 Open, or old with small 
capacitance 


37 Leaky or shorted 


33 An open heater in the audio output tube would prevent 
reproduction of sound, which would lead to investigation of the 
sound section. The fact that there is a raster but no picture would 
point to faults in the audio output amplifier of a series-parallel 
system. 

35 Cathode-heater leakage in the audio output amplifier usually 
must be equivalent to less than 20K ohms to cause serious picture 
symptoms. It would cause decided trouble with sound repro- 
duction. 


Series Heaters 


Fig. 29-16 shows fairly typical connections for series heaters 
in a television receiver. Tubes used in these series strings are 
designed for such applications. Warmup time is very nearly equal 
in all the tubes so that all begin drawing cathode current together. 
Actual time from turning on the power to having picture re- 
ception with new or fairly new tubes will run about 45 seconds or 
slightly more. This is a little longer than for a receiver having 
patallel heaters and equally good tubes. All tubes take the same 
heater current, 0.6 ampere or 600 ma, which has been standard 
for picture tubes over a long period. The various “controlled 
warmup” tubes have various voltage drops in their heaters, such 
as 2.35 volts, 4.2 volts, 4.7 volts, 6.3 volts, 12.6 volts and 25 volts. 
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A surge resistor, as at Rs of Fig. 29-16, most often has resistance 
of 30 to 50 ohms and power rating of 20 or 25 watts. Such large 
units are easily recognized in the chassis. Some sets have Therm- 
istors or negative temperature coefficient (NTC) resistors whose 
resistance is high, several hundred ohms, when cold and drops to 
something like 10 to 20 ohms when hot. In some cases a Therm- 
istor is in series with an ordinary resistor. 

There is no standard order of tubes from a-c line to ground. 
However, practically always the damper and horizontal output 
amplifier will be at the high end or line end of the string, and 
often the audio output amplifier will be near this end. Toward 
the ground end of the string will usually be the picture tube, 
horizontal oscillator, audio detector or demodulator, and sound 
i-f (4.5 mc) amplifier. 


TO RECTIFIER 


py fo TO TUBES 
SWITCH Val 


FIXED RESISTOR 
Fig. 29-20 Thermistor circuit revised for use of Surgistor. 


Decoupling capacitors and chokes are necessary on a series 
heater string. Decoupling chokes will be in the tuner and nearly 
always in the i-f amplifier section, also in other sections of some 
receivers. Decoupling capacitors always are used in the tuner and 
the i-f amplifier section, also quite commonly at the audio detector 
or demodulator and the sound i-f amplifier. Capacitances range 
from 470 to 1500 mmf or more in some cases. Feed-through 
capacitors may be found where the heater line enters and leaves 
the tuner, also in other shielding partitions. 

Heater-cathode shorts or leakage of very low resistance will 
place a ground connection at an intermediate point along the 
heater string. Then full line voltage will be applied to only a few 
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tubes. One of these will suffer a burned out heater, which cuts off 
the line voltage. The difficulty is that the cathode-heater short 
will be in some tube not burned out. 


Locating an Open Heater 


For reasonably fast location of a tube with an open heater in 
a series string it is necessary to have a heater connection diagram 
of the particular receiver. Fig. 29-17 is an example. 
TUBE 
SENTRY 


=a 


SWITCH 
Fig. 29-21 Surgistor is used with a'transformer power supply to lengthen 
tube life. 


SURGISTOR 


\ 


D0 


YQOQQ QU 


SWITCH 


Fig. 29-22 Motorola “Tube Sentry” is another form of the Surgistor. 


524 PIN-POINT COLOR-TVY TROUBLES 


The usual method is to remove the tube which is at or near 
the center of the string, such as the vertical oscillator or the 
audio detector of the diagram. Check the heater of this tube with 
an ohmmeter or other circuit or continuity tester. 

If the heater of this tube is good, check for continuity from 
ground to the heater opening toward the ground end on the 
socket of the removed tube. If there is continuity, check next 
from the other heater opening to the surge resistor. 

If either of these continuity tests show an open circuit, check 
the heaters of all tubes in the portion of the string showing an 
open. | 

Should neither continuity test show an open circuit, check the 
surge resistor. It is possible but not probable that a fault exists 
between the resistor and the on-off switch. 


S fi. 


FIXED 


D0 


JOOQOC 


SWITCH 
Fig. 29-23 How a Surgistor is wired to replace a “Tube Sentry.” 


Surgistors 


Surge resistors are sometimes combined with a thermal relay, 
as seen in Fig. 29-18. The relay contacts close only after the 
receiver has warmed up. This limits surge current to about one- 
half its usual value. These protectors are called Surgistors. 

Technicians can replace a Thermistor (Fig. 29-19) with a 
Surgistor, if desired, as shown in Fig. 29-20. Connection is made 
into a transformer supply as seen in Fig. 29-21. The Motorola 
“Tube Sentry” (Fig. 29-22) can be replaced with a Surgistor, if 
desired, as shown in Fig. 29-23. 


Section 30 


TELEVISION SOUND 


ALL modern television receivers have 4.5-Mc intercarrier sound. 
Black-and-white receivers use a sound take-off point past the 
picture detector. Color receivers use a point before the picture 
detector. Hence, the sound amplifier in a color receiver must have 
more gain than in a black-and-white receiver. There are more 
sound traps in the color receiver. (See Section 3.) Hence, the 
sound signal must be tapped off before it is weakened too much 
by the i-f sound traps. 

Fig. 30-1 shows the basic circuit arrangement for a sound take- 
off system in a color receiver. Note that the sound detector is a 
diode, like the video (picture) detector. The 4.5-Mc_ inter- 
carrier sound signal is generated in the sound detector. You 
will find in many color receivers that the sound detector does 
double duty as a chroma detector also. (See Section 8.) The 
dotted line in Fig. 30-1 shows how the sound take-off may be 
made from an i-f plate circuit, instead of a grid circuit. 


4.5 MC AMPLIFIERS 


SOUND 
DETECTOR 


Fig. 30-1 Intercarrier sound take-off is made before the video detector in 
a color receiver. 
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In elaborate color receivers, separate detectors are used for the 
sound signal, and for the chroma signal. This method gives the 
cleanest signals. When a detector does double duty, there is 
always some cross-modulation between the two signals. 

Since split-sound systems are now obsolete, they are not 
discussed here. The split-sound system was universal at one time. 
However, it was discovered that intercarrier sound was quite 
satisfactory, and more economical to use. The split-sound re- 
ceivers were also more critical in adjustment of the fine-tuning 
control. Because the chroma signal makes for somewhat critical 
adjustment of the fine-tuning control, it is not practical to use 
split sound in a color receiver. 


4.5mc Amp Demodulator Demodulator 
Coupling (Sound Detector) 
Takeoff 
. Volume Speaker 
Video Amp 
Control coupling 
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rae Audio 
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Fig. 30-2 The sound section of a television receiver. 


The sound section of a black-and-white television receiver 
includes circuits and components represented by the block dia- 
gram of Fig. 30-2. Frequency-modulation intercarrier sound sig- 
nals at a center frequency of 4.5 Mc are taken from any point 
following a video detector. This point may be immediately after 
the detector, or from the video amplifier output, or, with a reflex 
system, from the output of an i-f amplifier. 

A sound take-off coupling aligned for 4.5 Mc furnishes signals 
to the first or only 4.5-Mc amplifier, sometimes called a sound or 
audio i-f amplifier. If there are two 4.5-Mc amplifiers an interstage 
coupling transformer will be between them. This will be a second 
point for 4.5-Mc alignment. One of these two 4.5-Mc tubes may 
act as a limiter, especially when the demodulator is a discrimi- 
nator type. Sometimes a crystal diode is used as limiter, bypassing 
any excessive peaks of amplitude modulation. 

The demodulator may be a gated beam type or a ratio detector 
or a discriminator. A coupling transformer or impedance coil 
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Fig. 30-3 Reflexing 4.5-Mc sound signals through an i-f amplifier. 


from a 4.5-Mc amplifier to a gated beam demodulator usually has 
only one adjustable slug, but for a ratio detector or a discrimi- 
nator the coupling transformer will have separate alignment slugs 
for primary and secondary windings. 

At the output of the demodulator is a de-emphasis filter 
consisting of one or more series resistors, with capacitors to 
ground. This filter reduces strength of high audio frequencies 
which are emphasized at the transmitter. 

A volume control, and sometimes a tone control, are on the 
input or output of an a-f voltage amplifier or first a-f amplifier, or 
on the grid circuit of the audio output amplifier. 

An a-f voltage amplifier usually is a triode, quite commonly 
part of a duodiode-triode tube. The audio output most often is 
a beam power amplifier. Push-pull audio amplification is used in 
some receivers. There may be one, two or more speakers when the 
receiver employs either single or push-pull audio output tubes. 


Reflex Sound Take-Off 


A reflex system is one in which the same set of elements in a 
tube simultaneously amplifies signals at two widely different 
frequencies. In Fig. 30-3 the final i-f amplifier handles signals at 
intermediate frequencies and also at the 4.5-Mc sound frequency. 
The path of 4.5-Mc sound signals is shown by heavy lines. 

Sound signals are taken from the output of the video detector 
through inductor La, aligned for 4.5 Mc, to the low side of the 
secondary of an i-f transformer which is aligned for intermediate 
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frequencies. The 4.5-Mc signals go through the i-f transformer 
secondary to the grid of the i-f amplifier, and from the plate of 
this amplifier through the primary of transformer T1 to a line 
leading to the grid of the 4.5-Mc amplifier. 

Transformer TI is aligned for intermediate frequencies, but 
inductor Lb is aligned for 4.5 Mc. Consequently, Lb is an im- 
pedance coupler for 4.5-Mc signals. The 4.5-Mc sound signals 
meet little opposition in transformers tuned for intermediate 
frequencies because these transformers are quite sharply resonant 
for the intermediates and have little impedance at 4.5 Mc. 


Take-Off Alignment with VTVM 


When the sound take-off is from the secondary of a transformer 
whose primary is in series with the video amplifier plate, or for a 
take-off coupling transformer or impedance coil on the grid of a 
4.5-Mc amplifier, alignment is made thus: 

1 Connect an r-f signal generator through a capacitor of about 
0.001 mf to the grid of the video amplifier. The generator is used 
unmodulated and tuned to exactly 4.5 Mc, preferably with crystal — 
control for this frequency. 
2 Connect a VIVM to the audio output point of the demodu- 
lator, immediately following the de-emphasis filter but ahead of 
any capacitor going to the volume control. Set the meter on its 
d-c voltage function. 
Note: Should the meter read in the neighborhood of 150 d-c volts 
positive when first connected, the receiver has a series-parallel B- 
voltage system. In this case connect the low side of the VITVM to a 


line from the cathode of the audio output amplifier. A metal cased 
meter must be insulated from chassis ground. 


3 Adjust the take-off coupling for maximum meter voltage, with 
generator output low enough that the meter reading does not 
exceed 2 or 3 volts. If a coupling transformer has separate pri- 
mary and secondary adjustments, work back and forth between 
them for maximum meter reading. 

For aligning a reflexed take-off such as that of Fig. 30-3 proceed 
thus: 
1 Use an r-f generator as in step 1 of preceding instructions. 
2 Connect a VIVM, on its d-c voltage function, to the grid of 
the first or only 4.5-Mc amplifier. 
3 Adjust inductors La and Lb of Fig. 30-3 for peak voltage on 
the meter while keeping signal generator output low enough that 
the meter indicates only about one volt above the noise level 
voltage. 
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Fig. 30-4 Gated beam demodulator with buzz control on cathode. 
4.5-Mc Interstage Coupling Alignment 


A 4.5-Mc interstage coupling transformer should be aligned 
immediately after alignment of a take-off coupling, using the same 
setup of a-f signal generator and VITVM. Adjust the interstage 
coupling for peak meter reading. 

Still using the same instrument setup it will be convenient now 
to align the primary of the input transformer for a ratio detector, 
or the single adjustment of the coupling to a gated beam demodu- 
lator. Adjust these couplings for maximum meter reading, always 
with generator output only great enough for meter reading of no 
more than 3 or 4 volts. 


Gated Beam Demodulators 


Fig. 30-4 illustrates circuits commonly used for a gated beam 
tube used as a television sound demodulator. The coupling from 
a preceding 4.5-Mc amplifier, shown as a transformer, may be an 
impedance coupler with a single inductor. 

The adjustable resistor on the demodulator cathode often is 
called a buzz control. This potentiometer may or may not be 
paralleled with a capacitor to ground. Between the third grid of 
the gated beam tube and ground is a resonant circuit consisting of 
an inductor with adjustable slug and a paralleled capacitor. This 
is called the quadrature control. 

Audio output is taken from the plate of the gated beam tube. 
A B+ connection may be to the demodulator plate or following 
a series resistor Ra. Coupling or blocking capacitor Cc may be in 
any of the positions shown. 

Fig. 30-5 illustrates other connections for a gated beam de- 
modulator. Here the demodulator cathode resistor is not adjust- 
able. In series with the quadrature coil are a paralleled resistor 
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and capacitor to ground. The low side of the volume control 
usually goes to ground, with a blocking and coupling capacitor at 
Cc. However, as shown by the small sketch, low side of volume 
control may go to B+, then carrying demodulator plate current. 


Gated Beam Demodulator Adjustments 


To use a received signal for adjustment of the quadrature 
coil and buzz control proceed as follows: 
1 Adjust controls, especially fine tuning, for best possible picture. 
2 Set the buzz control, if used, to the center of its range. 
3 Adjust the quadrature coil for strongest, clearest sound, with 
minimum buzz. 
4 Weaken the input signal by disconnecting one or both sides 
of the transmission line, then supporting the end of the trans- 
mission line near the antenna terminals of the receiver. Otherwise 
use an attenuation pad or other convenient means to lower the 
received signal level. In any case, reduce the received signal 
until there is a hissing sound from the speaker. 
5 Adjust the buzz control for minimum hissing sound. 
6 Reconnect the transmission line and try the fine tuning control 
at different positions. Slightly readjust the quadrature coil for 
least buzz and clearest sound. 


Ratio Detector Demodulators 


One of the circuits used for a ratio detector demodulator is 
illustrated by Fig. 30-6. The detector itself consists of two diodes, 
which may be in a twin tube or may be two crystal diodes. A 
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Fig. 30-5 Gated beam demodulator without buzz control potentiometer. 
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Fig. 30-6 Ratio detector demodulator with divided resistor on load side. 
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Fig. 30-7 Ratio detector demodulator with ground on load side. 


characteristic feature of ratio detector demodulators is the storage 
capacitor Cs, which is an electrolytic of from 1 to as much as 
10-mf capacitance. The positive side of this capacitor is connected 
to the cathode of one diode. 

The ratio detector input transformer has three windings, a 
primary La and a secondary Lb, which have individual alignment 
slugs, also a third winding Lc connected to the audio output, and 
through the de-emphasis filter to the volume control. In Fig. 30-6 
note the two resistors, Ra and Rb, which are across the storage 
capacitor, with a mid-connection to ground. 

The ratio detector demodulator of Fig. 30-7 is quite similar 
except that only a single resistor, Ra, is across the storage ca- 
pacitor Cs, with one side of both these elements and the cathode 
of one diode connected to ground. Here is shown also a two- 
section de-emphasis filter. 


Ratio Detector Alignment 


A ratio detector demodulator transformer may be aligned with 
either a generator signal or a received transmitted signal, using a 
VTVM in either case. Method for using a generator is as follows: 
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1 Connect the r-f signal generator through about 0.001-mf 
capacitance to the video amplifier grid. Alignment may be easier 
with received signals kept from the amplifier. This may be done 
' by disconnecting the transmission line and grounding both an- 
tenna terminals of the receiver, and possibly grounding the grid 
of an i-f amplifier. Some tuners can be set between channels, for 
the same effect. Use the generator unmodulated, tuned for exactly 
4.5 Mc, preferably with crystal control. 

2 Connect two 5% tolerance 100K ohm resistors in series from 
an ungrounded side of the storage capacitor to ground. 

3 Connect the high side of the VIVM to the junction of the 
two 100K ohm resistors and the low side to an ungrounded side 
of the storage capacitor. A metal-cased VITVM must be insulated 
from ground. Alternately, the VITVM may be connected from an 
ungrounded side of the storage capacitor to ground. Use the 
meter on its d-c voltage function. 


Note: If the receiver employs a_ series-parallel B-voltage system, 
consider ground, as referred to for VITVM connections, as a line from 
the cathode of the audio output amplifier. 


4 Adjust the primary of the ratio detector transformer for 
maximum VTVM reading, or else adjust the secondary and then 
the primary for maximum reading. 

5 Connect the VIVM from the junction of the 100K ohm 
resistors to the audio output just beyond the de-emphasis filter. 
Insulate the meter from ground. 

6 Adjust the secondary of the ratio detector transformer for 
zero meter reading, so that a slight turn of the slug either way 
causes the meter to read positive or negative. 

7 Repeat the primary adjustment, steps 4 and 5, then recheck 
the secondary adjustment. 

8 Disconnect the instruments, restore conditions altered in 
step 1, tune in a station, and touch up the take-off coupling for 
best sound. 

When making a complete sound alignment, steps 1, 2 and 3 of 
the preceding instructions may be performed, then the take-off, 
also any interstage coupling, may be adjusted before adjusting 
the ratio detector transformer primary. 

For ratio detector alignment with a received signal and a 
VTVM proceed thus: 

1 Perform steps 2 and 3 of the preceding instructions. 
2 Tune for the best possible picture from a received signal. 
3 Perform steps 4 through 8 of the preceding instructions. 
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Reflexing for Audio Amplification 


Fig. 30-8 shows one method of using a 4.5-Mc sound amplifier 
as a reflexed a-f voltage amplifier, thus avoiding the need for a 
separate a-f voltage amplifier between demodulator and audio 
output amplifier. 

Audio output is taken from the ratio detector at A and B, the 
usual points, and goes through a filter network at the top of the 
diagram to the grid of the 4.5-Mc amplifier. Amplified audio 


Audio Output 


| 
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Fig. 30-8 Reflexing audio signals through a 4.5-Mc amplifier. 
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Fig. 30-9 Another circuit for reflexing audio signals through a 4.5-Mc 
amplifier. 
signals from the 4.5-Mc amplifier plate go through the trans- 
former primary La and the de-emphasis filter to the volume 
control. 

Fig. 30-9 shows another method of reflexing the audio output 
of a ratio detector through a 4.5-Mc amplifier. Here the ratio 
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detector elements are crystal diodes instead of a twin-diode 
tube. 


Discriminator Demodulators 


Fig. 30-10 shows two methods for using pairs of crystal diodes 
as a discriminator type demodulator. At the left the 4.5-Mc 
sound signals are put into the discriminator transformer sec- 
ondary through two small capacitors connected to the amplifier 
plate. At the right the discriminator transformer has three 
windings like those used in ratio detector transformers. 


Bias 


Fig. 30-10 Discriminator demodulators employing pairs of crystal diodes. 


A discriminator transformer may be aligned thus: 
1 Tune in the best possible picture from a received signal. 
2 Disconnect the transmission line from receiver antenna ter- 
minals, and support the line near the terminals, or otherwise 
provide a weak signal. 
3 Adjust the transformer primary for maximum sound and 
minimum hiss. 
4 Reconnect the transmission line. 
5 Adjust the transformer secondary for maximum or best 
sound with the volume control advanced only part way. 
6 Readjust the primary on a weak signal. 


Tone Controls 


Fig. 30-11 illustrates various tone control circuits in general use. 
The simplest type, at A, consists of an adjustable resistor and a ca- 
pacitor in series to ground from a line carrying audio signals. The 
capacitor bypasses higher audio frequencies to ground, thus em- 
phasizing the lows. The less the series resistance the greater is the 
loss of high frequencies and the more the lows stand out. 
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At B a generally similar tone control circuit is connected to a 
compensated volume control. A compensated volume control 
helps maintain proper balance between high and low audio fre- 
quencies, as they affect the ear, with volume reduced to a low 
level. Such volume controls often are found without a tone 
control. In diagram C a tone control and compensated volume 
control are both on the grid circuit of an a-f voltage amplifier. 


Volume A-F Amp 


A-F Amp 
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Bt = 
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Th ©) A-F Amp Audio 
G A-F Amp Output 
Tf Tone 
Tone 


ilies 30-11 _ control circuits, also some compensated volume controls. 


Diagram D of Fig. 30-11 shows two tone controls. The one 
consisting of a capacitor and adjustable resistor in series to 
ground attenuates high audio frequencies as previously explained. 
It may be called a treble control. The other tone control consists 
of an adjustable resistor across a small coupling capacitor to the 
grid of the output amplifier. It may be called a bass control. 
Reducing the paralleled resistance allows more of the lower fre- 
quencies to reach the output amplifier. | 


Push-Pull Audio Amplifiers 


Features found in many push-pull audio amplifiers are illus- 
trated by Fig. 30-12. The a-f voltage amplifier takes signals from 
the demodulator through the volume control and delivers its 
plate signals to the grid of one beam power output amplifier. Part 
of the a-f amplifier output signal goes through a resistor-capacitor 
network to the grid of the inverter, from whose plate are taken 
signals to the grid of the other output amplifier. The network 
shown is called a self-balancing inverter system. The purpose is 
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Fig. 30-12 A typical push-pull audio amplifier circuit as used in television 
receivers. 

to apply to the inverter grid an audio signal of the same strength 
as applied to the grid of the a-f amplifier. Cathode bias resistors 
Rk-Rk may or may not be used. 

Distortion is reduced by using output amplifier tubes whose 
characteristics are approximately equal. The usual check is to 
measure their d-c plate currents while no signals are applied and 
while grid biases are equal. Plate currents should differ by no 
more than about 10 per cent. 

Output amplifier cathode bias capacitor Ck may or may not be 
used. Using a bypass of 100 mf or more helps reduce distortion 
when output amplifier tubes are unbalanced in performance. 

Output amplifier oscillation, which causes whistles or squeals, 
may be reduced or prevented by series grid resistors Ra-Ra 
whose value usually is around 500 ohms but which may be 
several thousands of ohms. Whistles or squeals may be prevented 
also by small capacitors Co-Co, usually 0.002 to 0.005 mf, con- 
nected from output amplifier plates to ground or to B+ or 
sometimes to the amplifier cathodes. 

Decoupling capacitors at Ca and Cb reduce the chances for 
hum introduced at a-f amplifier plates or at output amplifier 
screens from B-voltage containing considerable ripple. The value 
at Ca usually is 20 mf or more, and at Cb is 100 mf or more. 


sound output from the speaker or speakers. Each table covers a 
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Sound Absent Or Weak 
Table 30-1 
Pictures and Raster OK 
CONTROLS Fine tuning misadjusted. 
Volume control potentiometer defective, open. 
Tone control, any element wrongly grounded. 
TUBES Audio output amplifier. Ist a-f amplifier, if 
used. Demodulator. 4.5-Mc amplifier(s). 
Check with tester or by substitution. 
Examine socket contacts. 
Measure element voltages. 


ALIGNMENTS A7 Demodulator input transformer or coupler. 
ADJUSTMENTS 
A8_ Take-off coupling. 


A9 4.5-Mc interstage coupling, if used. 


Al0 I-f alignment for sound too low on response. 


Gated beam demodulator. 
All Quadrature coil misadjusted. 


Al2 Buzz control misadjusted, if used. 


Al3 Cathode circuit open. 


CIRCUIT ELEMENTS | Al4 Any coupling transformer, coil or capacitor 
open or disconnected. 


SPEAKER SYSTEM A15 Connection plug loose, defective, not in 
place. 


Al6 Transformer or voice coil leads open, loose 
or broken. 


A1l7_ Transformer internally open, shorted. 


A18 Speaker cone or spider loose, broken. 


certain symptom or related symptoms. Paragraphs, numbered to 
correspond with faults listed in the tables, give additional infor- 
mation on some of the faults. 

AS Removing and replacing sound section tubes while receiver 
is turned on may clear the trouble. 

A7-9 See instruction for alignments in preceding pages of this 
section. 

A100 When rotating the fine tuning control allows either good 
pictures or good sound, but not both at the same time, the i-f 
amplifier section may be poorly aligned. 

All1-12 See instructions for adjustments in preceding pages of - 
this section. | 
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Sound Absent Or Weak 
Table 30-2 
No Pictures. Raster OK. 
CONTROLS Bl Fine tuning misadjusted. 
B2 Contrast control potentiometer open, when 
on video amplifier. 
B3 Channel selector switch contacts dirty, loose, 
bent, broken. 


ANTENNA B4 Transmission line or antenna open, grounded. 


TUBES Audio output tube, in series-parallel B-volt- 

age system. 

B5 Cathode circuit open. 

B6 Cathode bypass-decoupling capacitor shorted, 
leaky. 
Video amplifier. Video detector. I-f ampli- 
fiers. R-f amplifier or oscillator-mixer in 
tuner. 

B7 Check with tester or by substitution. 

B8 Examine socket contacts. ) 

B9 Measure element voltages. 


ALIGNMENTS B10 R-f oscillator in tuner aligned for sound too 
ADJUSTMENTS low on frequency response. 


B11 I-f alignment for sound too low on response, 
or two couplers aligned for frequencies so 
close together as to cause regeneration. 


B12 Age voltage too negative. 


CIRCUIT ELEMENTS | B13 Any coupling transformer, coil or capacitor 
open or disconnected in circuits preceding the 
video amplifier. 


B5-6 The audio output amplifier cathode carries current from 
i-f and r-f amplifiers, and sometimes other tubes. 

B8 Removing and replacing tubes with set turned on may clear 
the trouble. 

B10-12 See instructions for alignments in preceding pages of 
this section. 

Bil If i-f alignment allows sound too low on the response, 
rotating the fine tuning control usually allows either good sound 
or good pictures, but not both. Regeneration or possibly oscil- 
lation in the i-f amplifiers is indicated by high, sharp peaks on a 
frequency response trace observed with the oscilloscope. 

B12 Check the setting of any sensitivity adjustment, also condi- 
tion of any age amplifier. 
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C1 Removing and replacing tubes may clear the trouble. 

C2 Replace all sound section tubes. If trouble disappears, put 
back original tubes one at a time until trouble does appear. 

C5 Insulating cement may have been carelessly applied. Remove 
with sharp tool, or first soften the cement with a prepared solvent 
or lacquer thinner. 

C6-9 Move suspected wire or pull them gently. Press or tap 
suspected joints while listening for sounds. Clean around sus- 
pected joints and resolder with hot iron while touching with 
rosin-core solder to provide flux. Pay special attention to ter- 
minals or lugs where two or more wires join. 


Intermittent Sound 


Table 30-3 
Pictures OK 


TUBES 4.5-Mc amplifier(s). Demodulator. A-f ampli- 
fier. Audio output amplifier. 


Socket contacts loose. 
Heater or other internal element connections 


are opening and closing with changes of tem- 
perature. 


CIRCUIT ELEMENTS At or following the sound take-off. 
Coupling capacitor opening and closing its 
internal connections with changes of tempera- 
ture. 


Resistor internal element or pigtail connection 
opening and closing with temperature changes. 


Insulating coatings have penetrated switches 
or other contact members. 


In sound section. 
Rosin joints, cold solder, corrosion. 


Loose wire strands making temporary contact 
at terminals. 


Insulation broken or gone. 


C9 Wire conductor broken inside its insulation. 


D1 Excessive heater voltage, and current, may be the cause 
of heater-cathode leakage, or may make such leakage worse. 

D3-4 A defective cathode bypass capacitor causes hum that 
increases in intensity with large values of grid bias and of cathode 
resistors. Check for an old or open capacitor by temporarily par- 
alleling it with a good capacitor of equal or greater value. If hum 
stops, replace the original capacitor. Note that hum introduced 
ahead of a push-pull stage is not cancelled by push-pull action. 
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Hum 


. A low-pitched rather soft or semi-musical sound 
Table 30-4 at 60- or 120-cycle frequency. To be distinguished 


from the trouble classified as ‘Buzz,’ which is a 
sharp, disagreeable sound. 


Video amplifier or any tube in sound section. 
60-cycle hum. 


Heater voltage excessive. 


Heater-cathode leakage. 


CIRCUIT ELEMENTS Video amplifier or any tube in sound section. 
Cathode bypass capacitor old, open, leaky. 


Plate, screen or grid decoupling capacitor 
faulty. 


Series-parallel B-supply system. 


Output amplifier cathode decoupling-bypass 
capacitor old, open, leaky. 


LOW-VOLTAGE 120-cycle hum. 
POWER Filter capacitor old, open, leaky. 


Filter choke or resistor shorted, wrong value. 


Either of two selenium rectifiers weak, low 
back resistance. 


Power transformer internal short. 


60-cycle hum. 


Heater wiring too close to capacitors, in- 
ductors or B+ wires in plate, screen or grid 
circuits of video amplifier or any sound sec- | 
tion tube. 


D11 Wiring from a-c line to switch or fuse too 
close to wires in video amplifier or sound sec- 
tion circuits. 


120-cycle hum. 


Any B+ line which should connect to power 
filter output actually connected ahead of a 
filter choke or resistor. 


D5-6 Follow instructions in preceding paragraph D3-4. 

D7 Measure ripple voltage at input and output of filter choke or 
resistor. Ripple should be much less at output than at input. 
Measure with voltmeter or oscilloscope as explained at the end of 
these paragraphs. 

D9 An internally shorted power transformer runs excessively 
hot. Disconnect the transformer secondary from the rectifier, let 
the transformer cool, then turn on a-c power and keep it on for 
about 30 minutes. If the transformer heats abnormally there 
probably is an internal short. 
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D1I2 B-+ lines to plates of audio output tubes often are con- 
nected ahead of a filter choke or resistor. If any other B+ lines 
are so connected, check with a service diagram for the receiver. 


VTVM for Locating Hum 


1 Use the VIVM on its a-c voltage function. Make sure there 
is a capacitor of 0.25 mf or more capacitance in series with the 
high side lead, to prevent indication of d-c voltages. 

2 Disconnect the transmission line and set the channel selector 
where there are no transmitted programs. 

3 Check for a-c voltage at plates, screens and ‘grid returns of 
sound section tubes. Ripple voltage should be too little to measure 
except, possibly, at the plates of push-pull audio output am- 
plifiers. 


Oscilloscope for Locating Hum 


1 Adjust the internal sweep of the scope to show one or two 
waves at 60 cycles, by connecting the vertical input to any heater 
line or to a 6.3-volt output on the scope. Remember the number of 
waves shown. 

2 Use a shielded cable on the vertical input. With the shield 
clip connected to chassis ground and the high side prod to the chas- 


Sharp, disagreeable and usually continued sound, 

Table 30-5 somewhat like that of a bee or from rubbing the 
edge of a paper across saw teeth. To be distin- 
guished from hum, which is softer and semi- 
musical. 


CONTROLS Fine tuning misadjusted. 


Contrast control advanced too far, when 
operates on video amplifier. 


Demodulator. 
Defective tube, wrong element voltages. 


Video amplifier, if ahead of sound take-off. 
Weak, low emission. 


Overloaded. Plate or sceen voltage too low. 
Grid bias not sufficiently negative. 


Limiter, if used, defective or wrong element 
voltages. 


Age tube defective, or faults in age circuit. 


ALIGNMENTS Gated beam demodulator. 
ADJUSTMENTS Buzz control misadjusted, when used. 


E9 Quadrature coil misadjusted, open, shorted. 
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Table 30-5 
(Continued) 


CIRCUIT ELEMENTS Demodulator input transformer. 
Sound take-off, 4.5-Mc amplifier input. 
4.5-Mc interstage coupling, if used. 


I-f aligned for sound too high on frequency 
response. 


R-f oscillator in tuner aligned for sound too 
high on frequency response. 


Sound take-off coupling capacitor open, leaky, 
shorted. 


Gated beam demodulator. 
Cathode bypass capacitor shorted, leaky. 


Ratio detector demodulator. 
Storage capacitor leaky, open. 


Resistors or capacitors of a balanced pair 
decidedly different in values. 


LOW-VOLTAGE Transformer mounting screws, core clamp 
POWER screws, or laminations loose. 


Leads from transformer to rectifier, or from 
rectifier to filter, dressed close to audio wir- 
ing, volume control or tone control. 


VERTICAL OUTPUT Transformer. 


Mounting screws, core clamps, or laminations 
loose. 


Coil loose on core. 


Capacitor from secondary to ground old, 
open, otherwise defective. 


Internal short. 


Vertical output leads dressed too close to 
audio circuit leads. 


HIGH VOLTAGE Poor ground contact on outer coating of 
picture tube. 


High-voltage filter capacitor defective. 


sis advance the vertical gain and note any indication of voltage on 
the scope. Such voltage should be neglected in following tests. 

3 Touch the scope prod to plate, screen and grid terminals on 
sockets for tubes in the sound section, beginning at the audio 
output amplifier or amplifiers and working back to the grid of the 
video amplifier. Negligible ripple voltage should be at any 
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elements other than possibly at plates of push-pull output am- 
plifiers. Ripple at i-f or tuner tubes is not likely to cause bad 
audible hum, although it may affect pictures. 

E3 Even though a demodulator tube is defective, weak or noisy 
sound still may be heard. 

E8-12 See instructions for alignments in preceding pages of 
this section. It is advisable to check the demodulator tube and its 
element voltages, or demodulator crystals, before aligning or 
adjusting the circuits. 

E13-14 When either of these faults is present, rotating the fine 
tuning control may allow either good pictures or good sound, 
but not both together. 

E19 Buzz sometimes may be prevented by tightening some 
screws and loosening others. 

E23 A shorted transformer affects pictures also. 

E24 An open or defective capacitor may allow vertical sync 
pulse voltage to get into B+ lines. 

E25 This and other vertical output faults may be checked by 
temporarily removing or disabling the vertical oscillator or ampli- 
fier. The buzz will cease if the fault is in the vertical system. 


Motorboating 


Table 30-6 Rapid or slow “‘putt-putt’’ sound caused by block- 
ing and cutoff of amplifiers at regular intervals. 


Fl Audio output or first a-f amplifier grid bias 
too negative. 


CIRCUIT ELEMENTS Audio output or first a-f amplifier circuits. 
F2 Grid resistor too great, open. 


F3 Coupling capacitor to grid, too much capaci- 
tance. 


F4 Decoupling capacitor on plate or screen, old, 
open, too little capacitance. 


WIRING F5 Tone control wires to front panel dressed too 
close to other wires. 


G1 Refer to Table 30-3 in the section of this book on “High 
Voltage.” 

G5 Press or tap suspected joints and carefully press or pull 
connected wires while listening for hissing sound. Resolder 
doubtful joints, using a hot iron and rosin-core solder. 

H1 Watch for visible flashes with room darkened or receiver 
shaded. Coat the points of flashover with plastic insulation after 
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Table 30-7 ne 
Continual or Intermittent 


HIGH VOLTAGE G1 Corona or arcing in high-voltage power supply. 
ADJUSTMENT G2 Gated beam demodulator buzz control mis- 
adjusted, if used. 


TUBES Audio output or a-f amplifier. | 
G3 Overheated, due to excessive screen or plate 
voltage, and current, or to grid bias not 
sufficiently negative. 
G4 Gassy. 
WIRING G5 Joints loose, cold solder, corroded. Especially 
in B+ lines. 
G6 Resistor overheated, cracked, pigtail loose in 
body. 


smoothing sharp wire ends and rough solder joints as much as 
possible. 

H4 Apply a contact cleaning liquid with brush or spray while 
moving the switch contacts. 

HS5 Removing and replacing a tube may correct the trouble. 
H7-16 Disconnect the transmission line from receiver and 
ground both antenna terminals at the tuner. If noise disappears 
it was coming through the antenna or transmission line. If noise 
continues, temporarily operate the receiver from an isolation 
transformer with its core grounded to chassis. Less noise indicates 
pickup from power line. If noise remains, trouble probably is in 
receiver or is picked on receiver wiring. 

H10-16 The best remedy is an interference filter at the of- 
fending appliance or machine. Filtering at the receiver is less 
effective. Filters for all applications are available from supply 
houses. 

H17 Work out dirt or any foreign matter with a piece of stiff 
paper, a thin card, or thin brass or aluminum. A jet of compressed 
air, if available, is still better. Dirt may have entered because a 
dust cover is missing or torn. This cover usually is a piece of thin 
felt cemented at the center of the cone. | 

H18 The voice coil can be recentered only with the cone and 
spider loosened from the frame. Use commercially available 
centering shims, or wrap the central magnet pole with paper or 
brass shim stock to form a tube longer that the voice coil support. 
The voice coil is placed over this tube. Strip shims may be in- 
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serted with the cone in place. The edges of spider and cone are 
cemented while the voice coil is held centered. 

H20 Replace a defective spider with one of the same shape and 
diameter. Some are cupped or corrugated, others are flat. 


Rasping or Cracklin 
Table 30-8 ping 9 
Not having any definite audio frequency. Either 
continual or intermittent. 


HIGH VOLTAGE H1  Flashover from terminals or conductors. 


CONTROLS Volume control defective. 
Contrast control defective, when on video 
amplifier. 
Channel selector, tone switch, or TV-Radio- 
Phono switch. Contacts dirty, loose, bent. 


TUBES Socket contacts loose, dirty. 
Shields loose, not grounded to chassis. Check 
other shielding for looseness. 


POWER LINE Building wiring elements. 
PICKUP H7 


Lamps or lamp holders defective. 
H9 Any terminal connections loose, dirty. 


Appliances with brush-type motors. 
H10 Vacuum cleaners. 


H11 Food and drink mixers. 
H12 Sewing machines. 
H13 Hair dryers, electric razors, etc. 


Machines with switches. 
H14 Office machines, cash registers, elevators. 


H15 Flashing signs, welders, etc. 


SPEAKER H16 Neon signs with defective elements. 


CIRCUIT ELEMENTS | H17 Dirt in voice coil gap. 
H18 Voice coil not centered in gap. 
H19 Cone loose, torn. 
H20 Spider loose, broken. 


In Sound section. 

H21 Resistor cracked, overheated, pigtail loose in 
body. 

H22 Capacitor pigtail or terminal loose. 


H23 A-c line filter elements defective. Between 
line cord and input to low-voltage power 
supply. 
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Ringing Whistling 


Howling Squealing 


Table 30-9 The sound may be like that from a small bell 
struck far away, or a whistle or howl, usually 
rather high pitched. The sound may be continual 
or intermittent, or may rise and fall in intensity. 


TUBES Oscillator-mixer. R-f amplifier. A-f amplifier. 
I-f amplifier. Video amplifier. Audio output 
Microphonic. 
Loose in socket. 
Shield loose on tube or chassis. 

TUNER Shaft or control knob touching against cabi- 
net opening. 
Frame touching cabinet. 
Mounting bracket loose. 


SPEAKER Anti-vibration mounting defective. 


Capacitor on output amplifier plate, or ca- 
pacitor or resistor across transformer pri- 
mary, open or defective. 


Transformer of poor quality, excessive leak- 
age reactance. 


CHASSIS Excessive vibration in cabinet, mountings 
defective. 


CIRCUIT ELEMENTS Audio output amplifier 
Plate bypass capacitor to ground, B+ or 
tube cathode. Open, too little capacitance. 


Cathode bypass electrolytic capacitor old or 
of too little capacitance. 


Cathode bypass electrolytic may require par- 
alleling with ceramic or mica capacitor of 
about 0.001 mf. 


Resistor in series with grid, at the grid, 
shorted, too small in value. 


Any interstage coupling or blocking capacitor 
vibrating because of poor supports. 


11 Tap each suspected tube with a finger nail, pencil eraser, or 
rod with rubber tip. Have the receiver in its cabinet, all shields 
in place, volume turned fairly high. There is microphonic trouble 
when the sound continues after each tap. Try removing and re- 
moving and replacing a suspected tube in its socket. Try inter- 
changing the microphonic tube with another of the same type 
from a different position. Microphonism is worse in some positions 
than others. 
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18-14 These faults may allow parasitic oscillation. One check 
for oscillation is measurement of plate current from a suspected 
tube. Current varying erratically, or remaining unusually high 
or low, may indicate oscillation. A better check is made with an 
oscilloscope connected to the plate of a suspected tube while out- 
put from an audio-frequency signal generator is fed through a 
capacitor to the video amplifier grid. The high oscillation fre- 
quencies sometimes may be seen on the trace, or very high- 
frequency oscillation may cause abnormal thickening or widening 
of the trace. Try feeding various audio frequencies at various 
generator attenuator settings and receiver volume control set- 
tings. 


Distortion 


Table 30-10 Generally disagreeable or unnatural reproduction 
of sound, not characterized by any particular kind 
of noise. 


CONTROLS J1 Fine tuning misadjusted. 


TUBES Audio output amplifier, possibly the voltage 
amplifier. 
J2 Tube weak. 


J3 Element voltages wrong. 
J4 Push-pull output amplifiers unbalanced. 


ALIGNMENTS J5 Demodulator input transformer. 


ADJUSTMENTS 
J6 Gated beam demodulator quadrature coil. 


J7 Sound takeoff or coupling to grid of 4.5-mc 
amplifier. 


J8 4.5-mc interstage coupling, if used. 


CIRCUIT ELEMENTS | J9 Gated beam demodulator cathode bypass ca- 
pacitor open, leaky. 


J10 De-emphasis filter or demodulator output ca- 
pacitor leaky, wrong value. Series resistor 
wrong value. 


J11 Audio output amplifier cathode bypass ca- 
pacitor too large, leaky. 
J12 Audio output amplifier plate or screen de- 


coupling capacitor faulty. 


SPEAKER J13 Voice coil or cone binding. 


J14 Speaker transformer not matched to output 
amplifier, voice coil, or both. 


J15 Speaker of too small rating for audio power 
applied. 
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112 Temporarily parallel the capacitor with a good one of the 
same or greater capacitance. Reduction of trouble indicates the 
original capacitor is old or open. 

114 This grid stopping resistor may be increased in value to 
several thousands of ohms if oscillation is thereby prevented. 

J3 Low voltage on plate or screen, or grid bias not sufficiently 
negative may allow overloading and production of harmonics. 
J5-8 See instruction for alignments in preceding pages of this 
section. 

J11 A cathode bypass of moderate or small capacitance may be 
used to allow a certain amount of degeneration. 

J13 The voice coil and cone center must move quite freely for 
a considerable distance for good reproduction of lows. Clearance 
between coil support and magnet core normally is very small. 

J14 Primary impedance should be within 90% to 125% of load 
resistance specified for the audio output amplifier. Secondary 
impedance should be no greater than nominal impedance of the 
voice coil. 

J15 The speaker power rating in watts should exceed the maxi- 
mum undistorted power output rating of the audio amplifier. 


INDEX 


A 
ACC (Automatic chroma 
control), 277 
and color killer, 307 
ringing crystal, 311 
switching tube, 310 
Accessories 
picture tube, 177, 192 
AFC (Automatic frequency control) 
blecking oscillator waveforms, 400 
correction voltage, 381 
current waveforms, 398 
diodes without splitter, 390 
feedback sawtooth, 395 
Hartley oscillator, 402, 405 
horizontal, 380 
noise filter, 383 
phase-detector action, 384 
phase-detector triode, 389 
reactance tube, 402-405 
sawtooth feedback, 391 
splitter, 384 
stabilizer coil, 399 
systems, 382 
AGC (Automatic gain control) 
clamp, 60 
decoupling, 62 
gated, 57 
rectifier, 45 
tests, 62 
Alignment 
band-pass amplifier, 39, 87 
i-f amplifier, 36-38 
i-f band width, 40 
r-f amplifier, 17 
sound section, 528, 531 
Amplifier 
audio, 535 
band-pass, 87 
burst, 259 
luminance, 269 
sync, 328 
video, 269 
Y, 74, 77 
Amplitude controls, 238 


Antenna 
built-in, 5 
conical, 4 
excessive pick-up, 5 
high-band array, 4 
installation, 1, 7 
low-band array, 4 
mismatch, 6 
non-directional, 5 
orientation, 1 
rabbit ears, 4 
rotator, 3 
stacked, 8 
system test, 9 
Apple tube, 214 
Arcing, 470 
Audio amplifier, 535 
Autotransformer, 474 


B 

B plus voltage, boosted, 424, 453 

waveforms, 456 
(B-Y), 101 
(B-Y) signals, 121 
Balancer, yoke, 245 
Band-pass amplifier alignment, 39 
Band width 

i-f, 40 

r-f, 18 

sync circuit, 325 
Bars 

color, 249, 254 

pattern, 254 

Basing 

picture tube, 149-151 
Black-and-white 

picture tube, 167 
Blanking 

vertical retrace, 141, 143, 145 
Blocking oscillator, 355 

waveforms, 400 
Blue amplitude and phase 

controls, 239, 240, 243-246 

Blue beam magnet, 223, 224 
Blue lateral corrector, 226 

misadjustment, 223, 224 
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Blue signal 
loss of, 132 
Boosted B-plus, 424, 453 
waveforms, 456 
Brightness 
picture tube, 176 
Built-in antenna, 5 
Burst 
amplifier, 259-272 
at picture detector, 54 
gate and amplifier, 54 
phase detector, 273 
balance, 275 
checking, 266 
frequency correction, 276 


timing, 261 
Buzz 
intercarrier, 541, 542 
Cc 
Cabinet 


disassembly, 221 
Cathode coupled 
multivibrator, 352, 354 
Centering 
d-c, 448 
Chroma (chrominance) 
values, 131 
demodulators, 99-119 
Chrominance (chroma) 
and sound detector, 53 
detector, 99 
signal, 45 
Clamp 
AGC, 60 
Coils 
peaking, 46, 49, 70, 71 
stabilizer, 399 
width, 430 
yoke, 446 
Color 
bars and sequence, 79, 131, 249, 254 
burst, 54 
demodulators, 99-119 
dot motions, 241 
drop-out, 4 
hum bars, 120 
incorrect, 4 
intensity control, 249 
killer, 248, 278, 279, 307, 310, 311 
and ACC, 307 
switching tube, 310 
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Color—continued 
muddy, 6 
pale, 40 
phasing control, 249 
adjustment, 253 
picture tube, 180 
rainbow, 254 
stripe, 258, 380 
subcarrier, 18 
marker, 20, 21 
sync, 268, 379 
frequencies, 323 
poor, 16, 270, 271, 276, 281, 288, 
292, 302-306, 318 
weak, 4, 8 
Confetti, 2 
Conical antenna, 4 
Continuity 
signal-circuit, 42 
Convergence 
circuits, 351 
coils, 225 
correct, 245 
dynamic, 487-495 
horizontal, 242-246 
magnets, 225 
static, 223 
vertical, 237-242 
Corona, 470 
Correction voltage, 381 
Corrector 
blue lateral, 226 
Crackling 
in sound, 545 
Crosshatch, 223 
Crystal 
diode detector, 49 


D 

DB values, 77 

D-C restorer, 144 

Damping, 434-436 
network, 474, 475 
peaker, 71 

Dark screen, 408 

Decoupling, 570 
AGC, 62 

Deflection 
horizontal, 434, 440 
vertical, 425, 473 
yoke, 426 
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Degaussing, 23 Flyback 
coil, 231 matching, 432 
Delay line, 74 retrace time, 432 
Demodulator, 111, 112 transformer, 432 
bootstrap, 104 winding resistances, 434 
chroma, 99 Focus, 222, 223, 232, 483, 485, 487, 491, 
(G-Y), 104 497 
(R-Y) (B-Y), 101 Foldover, 408 
Detector Frequency 
color burst at, 54 check, 288 
crystal diode, 49 color sync, 323 
load resistor, 50 control, 202 
picture, 45, 49 response, 12 
polarity, 51 Full wave 
quick check, 56 rectifier, 503 
sound and chroma, 53 
Disassembly G 
cabinet, 221 G,-G, coupling, 157 
Discriminator, 534 (G-Y) 
Distortion, 547 detector, 104 
Dots /90° signal, 125 
color, 241 Gate 
Drive burst, 259 
horizontal, 434, 440 pulse, 379 
Dynamic convergence, 495 Gated 
circuit interaction, 491 AGC, 57 
controls, 239-241 beam detector, 529 
electrostatic, 487, 488 Gating 
parabolic waveforms, 489 sync, 336 
scope checks, 494 Generator 
waveforms, 492 sweep, 17, 19 
sine wave, 493 Ghosts, 3, 6 


Green amplitude and phase 


E controls, 243 
Electrostatic Green signal 
convergence, 487, 488 loss of, 132 
Emission Grid drive, 290 
picture tube, 169 Grounded load 
F sound detector, 531 
Guns 
Faults color, 228 
linearity, 441 
symptoms of, 517 H 
Feedback H pads, 25 
sawtooth, 391 H 
; eater 
vertical oscillator, 341 series 507 
F ilter string, 501 
integrating, 351, 353 ; 
RC, 507 Height 
video signal, 327 Same, Sia 
Wistinse High-band array, 4 


sweep generator, 17, 19 High-level demodulation, 112 
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High voltage, 450 
anode, 462 
corona, arcing, 470 
indicator, 462 
measurement, 222 
output, 465 
rectifier, 443 
system, 424 
testing, 463 


Hold control 
horizontal, 392 
vertical, 364 


Horizontal 
AFC, 380 
blocking 
current waveforms, 398 
diodes, 390 
feedback sawtooth, 395 
Hartley oscillator, 402, 405 
noise filter, 383 
phase detector, 384 
triode, 389 
reactance tube, 402-405 
splitter, 384 
stabilizer coil, 399 
systems, 382 
and vertical sync, 323-349 
dynamic convergence, 242-246 
hold, 379, 392 
sweep oscillator, 382 


Howling, 546 


Hum, 540 
bars, color, 120 


i 
I signal, 41, 100, 101, 114, 116, 118, 
127, 138 
I-F 
alignment, 36-38 
band width, 40 
overload, 43 


Incorrect colors, 2 
Incremental tuner, 15 
Indicator 
high-voltage, 462 
Inductance 
yoke, 447 


Installation 
antenna, 1 
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Integrating 

filter, 351, 353 
Intercarrier 

sound, 525 
Interference 

spike, 72 
Interlacing 

frequency, 91 
Interlock 

high-voltage, 220 
Intermittent 

sound, 539 
Interstage 

coupling, 529 
Inversion 

polarity, 333 
IQ color signal, 41 

axes, 101 

and RGB matrix, 127 
Isolation 

of reactance tube, 289 


K 
Keyed rainbow generator, 109 
and color-phasing control, 255 
Keying pulse, 336 
Killer 


color, 248 
and AFC, 307 


L 
Lack of width, 408 


Lateral corrector 
blue, 226 


Lawrence tube, 204 
Lead-in, 24 
Limiting 
sync pulses, 327 
Lock-in 
subcarrier, 299, 316 
vertical sync, 366 


Linearity 
control, 434 
horizontal, 438 

faulty, 441 
waveforms, 444 


Loss of color sync, 16 
Low-band array, 4 
Low-level demodulation, 111 
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Low-voltage 
full-wave rectifier, 503 
power supply, 501 
RC filter, 504, 506 
selenium tester, 505, 508 
transformer supply, 501 
transformerless supply, 502 


M 


Magnetic focus, 168 
Magnets, rim, 230 
Marker 

color subcarrier, 20, 21 
Matching 

flyback to yoke, 430 
Matrix, 121 

action, 123 

IQ-RGB, 127 

RGB, 127 
Mechanical faults 

tuner, 26 
Measurement 

high-voltage, 222 
Microphonic oscillator, 17 
Misconvergence, 223-227, 238-241 
Mismatch 

antenna, 6 

tuner, 22 
Mixer, 12 
Motions 

of color dots, 241 
Motorboating, 543 
Muddy color, 6 


Multivibrator 
locking control, 387 
output, 388 

Bi 

Network 


damping, 474, 475 
No color sync, 270, 271, 276, 281, 288, 
292, 302-306, 318 
Noise filter, 383 
Non-directional antenna, 5 
NTSC signal, 76 
Null response, 125 


oO 
One-gun color tube, 203 
Orientation 
antenna, 1 
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Oscillator 
r-f, 16 
shock-excited, 298 
_ subcarrier, 297 
vertical, 352-356, 359-377 
Oscilloscope 
testing with, 325 
vertical-sweep tests, 371 
wide-band, 108 
Overload 
i-f, 43 


Pad 
H, 25 
Parabolic waveforms, 489 
Parallel rectifiers, 503, 505 
Patterns 
color-bar, 254 
rainbow, 254 
Peaker 
damping of, 71 
Peaking 
coils, 46 
resistor, 445 
Pentagrid 
sync tube, 336 
Phase detector 
diode, 390 
horizontal, 382 
triode, 389, 394 
Phasing control 
resonating, 249 
Pick-up 
excessive, 5 
Picture 
split, 408 
tube, 167 
accessories, 177 
Apple, 214 
basing, 149-151 
black-and-white, 167 
brightness, 176 
color, 180 
emission, 169 
input, 139, 148 
Lawrence, 204 
one-gun, 203 
opens, 173 
purity, 219 
set-up, 219 
shorts, 174 
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Polarity 

inversion, 333 

sync pulse, 354 
Poor color sync, 16 
Purity, 228 

adjustments, 229 

coil, 230 

edge, 230, 231 
Push-pull 

audio amplifier, 535 


Q 


Q signal, 41, 115 


Quadrature transformer, 105, 106, 115, 


119 


Quick checks 
picture detector, 45 
tuner, 30-31 


R 


Rabbit-ear antenna, 4 
Radiation 

flyback, 443 
Rainbow 

display, 254 

keyed, 109 
Rasping, 545 
Ratio detector, 530 
Reactance tube, 285, 402-405 

frequency check, 288 

isolation of, 289 
Rectifier 

high-voltage, 443 
Red amplitude 

and phase controls, 243 
Red signal 

loss of, 132 
Reflex, 527, 533 
Regeneration 

i-f, 43 

r-f, 26 
Regulated high voltage, 483 

triode, 485 
Resonance 

phasing control, 244 
Response curve 

db values, 77 
Restorer 

d-c, 144 
Retrace 

vertical, 141, 143, 145 
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R-F 
alignment, 17 
band width, 18 
oscillator, 16 
regeneration, 26 
response, 11 
tuner, 11 
RGB matrix, 127 
Rim magnets, 230 
Ringing, 546 
Rotator 
antenna, 3 
(R-Y), 101 
(R-Y) (B-Y) detectors, 101 


S 
Saturated colors, 122 
Sawtooth feedback, 395 
Selenium 
rectifier, 504, 506, 508 
tester, 505, 508 
Series heater string, 501, 521 
Set-up, 219 
Shorts 
picture tube, 174 
Signal tracing 
vertical sweep, 343 
Sideband 
vestigial, 38 
Sidelock, 269 
Sine waveform, 493 
Smeary picture, 16 
Snow, 16 
Sound section 
alignment, 528, 531 
buzz, 530, 541, 542 
detector, 53 
discriminator, 534 
distortion, 547 
gated beam, 529 
grounded load, 531 
hiss, 544 
hum, 540 
intercarrier, 525 
intermittent sound, 539 
interstage coupling, 529 
motorboating, 543 
push-pull audio, 535 
rasping, 545 
ratio detector, 530 
reflex, 527, 533 
ringing, 546 
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Sound section—continued Triode regulator, 485 

take-off, 33, 526 Tuner 

tone control, 534 | mismatch, 22 

traps, 35 turret, 12 

whistling, 546 
Split picture, 408 V 
Stabilizer coil, 399 Vertical 
Stacked antennas, 4 amplitude and phase 
Static convergence, 223, 224 controls, 238-240 
Stripe deflection, 473 

color, 380 autotransformer, 474 
Subcarrier oscillator, 297 damping network, 474, 475 
Substitution test system, 425 

tuner, 30 waveforms, 476 
Surgistor, 518, 524 dynamic convergence, 237 
Sweep hold control, 364 

generator, 17, 19 lock, 366 

oscillator, 352, 356, 359-377, 382 scope checks, 371 

section, 351 sweep oscillator, 352, 356, 359-377 
Switching tube, 310 sweep section, 351 
Sync section, 323-349 

circuits, 325 W 

triode, 326 
gating, 336 Waveforms 


dynamic convergence, 492 
horizontal linearity, 444 
vertical deflection, 476 


scope tests, 325 
separator, 330-341 


tubes, 336 
— Weak color, 4, 8 
T Whistling, 546 
Take-off White-dot pattern 


converged, 245 

misconverged, 224 
Width 

control, 432 

insufficient, 408 
Winding resistance, 434 


sound, 33, 526 
Thermistor, 520 
Tilt controls, 238 
Timing 

burst gate, 259 

checking, 266 


gate pulse, 379 
Tinting, 248 Y 
caused by hum, 120, 132, 133, 135 Y amplifier, 74, 77 
Tracking, 246 Yagi antenna, 4 
Transformer supply, 501 Yoke 
Transformerless supply, 502 balancer, 245 
Traps coils, 446 


4.5-Mc, 73 current, 439 


ba 
ee. 
| 


———— 


. . Be ¥ \ 
ee | | a = hULeSlhC COU | | 


